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Abstract. Different measures of temperament of 
steers have been reported to effect carcass 
characteristics differently. The objective of this 
study was to determine whether temperament, as 
measured by docility score, exit velocity, and blood 
lactate concentration affected carcass composition of 
steers. Steers (n = 154) were evaluated for docility 
score, exit velocity, and blood lactate concentration 
four times prior to harvest. Steers were humanely 
harvested and carcass data obtained.  A strong trend 
was observed for exit velocity classification to 
impact carcass weight (P = 0.06) but did not affect 
marbling scores, ribeye area and fat thickness. The 
animals that left the chute more slowly had lower 
carcass weights and significantly (P = 0.01) lower 
average daily gain than did the steers that left the 
chute at a fast or medium rate. Blood lactate 
concentration as an indication of temperament of 
steers had no impact on carcass characteristics or 
average daily gain.  In conclusion temperament as 
measured by exit velocity impacted growth rate and 
average daily gain affected carcass weight.  
 





Variation in meat quality and tenderness is a 
challenge for the meat industry (1). With 
increasing demand for superior meat, ante- and 
post-mortem factors must be evaluated to improve 
the ability to create a superior product. In recent 
years temperament has been studied as a causal 
reason for decreased growth rates and decreased 
tenderness (2). Growth rate as measured by 
average daily gain (ADG) were reduced in cattle 
with faster exit velocities (3, 4). Furthermore, 
cattle with higher exit velocity resulted in higher 
ultimate meat pH and darker color (5). Similar 
data has been reported using chute score as a 
measurement of temperament; the chute score 
based on, 1 = calm no movement to 6 = violent 
struggling. Cattle with higher chute or docility 
scores had lower ADG and decreased growth rates, 
as well as an increased incidence of carcass 
bruising and dark cutters (6). Curley et al. (7) 
found that chute score is not a good repeatable 
measure for evaluating temperament in cattle. 
They determined that a more quantitative and 
objective score is needed. In their study, cortisol, a 
stress hormone was found to be an effective 
measure of excitability. Stress response normally 
results in increased epinephrine and cortisol 
concentrations in the blood. This increase in 
circulating hormones cause an increase in 
gluconeogenesis, proteolysis and increased 
sensitivity of lipids to lipolytic hormones. This 
ultimately leads to increased anaerobic metabolic 
processes in the muscle, causing a buildup of 
lactic acid in the blood. Holmes et al. (8) and 
Boles et al. (9) found that concentration of lactic 
acid in circulating blood can be used as a measure 
of temperament.  The objective of this study was 
to use exit velocity, docility score and blood 
lactate concentration for determining temperament 
in steers and to assess the effect of these variables 
on growth rate and carcass characteristics.  
 
II. MATERIALS AND METHODS 
 
One-hundred and fifty- four Angus x Simmental 
sire verified steers born at the Bair Ranch in 
Martinsdale, Montana as part of the American 
Simmental Association Carcass Merit Project were 
evaluated for temperament at four different times: 
weaning, revaccination, entry into feed-lot, and 
midway through finishing. Temperament was 
evaluated using docility score, blood lactate 
concentration, and exit velocity. Docility score 
ranged from 1-6 (10), and were assigned by a 
single individual.  Systemic blood lactate 
concentration was analyzed with a Lactate Pro 
meter (Arkray Inc., Minami-Ku, Kyoto, Japan). 
Exit velocity was measured using a Polaris timer 
system (FarmTek Inc., Wylie Texas) with photo-
transmitters placed 1.82 meters and 3.64 meters in 
front of chute. 
  
All steers had the same feed, were exposed to the 
same environment, and handling over the course of 
the study. Following a 30 day step-up period at in 
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the feedlot, steers were fed a 94% concentrate 6% 
roughage ration containing 14.58%CP and .61 
Mcal/lb net energy for gain. Steers were implanted 
with Component TE-S (Vetlife, West Des Moines, 
IA) containing 120 mg of trenbolone acetate, 24 mg 
of estradiol ESP and 29 mg of tylosin tartrate. 
Average daily gain (ADG) was calculated using an 
adjusted 205 weaning weight (ADJ wt) and weight at 
midway through finishing (MTF wt). ADG = (MTF 
wt – ADJ wt) / 140 days. Following harvest and a 36 
hour chill, carcass data were collected using a USDA 
assisted camera grading system.  
 
The experimental units were the individual steers. 
Growth and carcass data were collected on each 
individual steer harvested with analyses conducted 
on 154 steers. The GLM model of SAS was used to 
analyze differences in growth and carcass data, 
where the independent variables were the 
classifications for growth rate, average exit velocity 
(average of the four measurements), and blood 
lactate concentration. The dependent variables were 
average daily gain and carcass characteristics. To 
identify the growth, exit velocity, and blood lactate 
classifications, means and standard deviations were 
calculated using 154 animals for all temperament 
measurements. The means plus one standard 
deviation were designated “high” growth, “fast” 
speed or “high” lactate, and the mean minus one 
standard deviation represented “low” growth, “slow” 
speed or “low” lactate. The remainder were 
designated as medium for the classification. 
LSMEANS were used to calculate means due to 
unequal number of observations upon which to 
compare differences between variables. Dunnetts test 
was used to separate means because of the 
unbalanced representation of the temperament and 
growth classification variables.  Pearson product-
moment correlations were calculated on all data. 
Statistical significance was determined a priori at 
the 0.05 level.  
 
III. RESULTS AND DISCUSSION 
 
Temperament and growth classification 
significantly affected selected carcass 
characteristics (Table 1).  ADG was significantly 
different (P < 0.0001) between growth classes – 
high, medium, low confirming the method of 
classification successfully separated the animals 
into different growth groups. As expected, faster 
growing steers resulted in significantly larger 
carcasses and tended to have larger ribeye area (P 
= 0.08) than medium and slow growing steers. 
This agrees with data reported by Boles et al., (11) 
who found that larger carcasses also resulted in 
larger ribeye muscle size.  Average exit velocity  
significantly affected average daily gain (P = 0.01). 
Steers that left the chute at a slower velocity 
resulted in lower average daily gains and smaller 
carcasses.  On the contrary Café and co-workers (4) 
concluded that cattle with more excitable 
temperaments, as  
 
Table 1: Effect of growth rate, exit velocity, and blood 
lactate on carcass characteristics (least squares means) 
Class ADG1 CWT2 
(kg) 







      
Fast  4.05a 398.7a 488.4 88.3 0.9b 2.8a 
Medium 3.47b 384.0b 511.5 84.0 1.3a 3.2a 
Slow 2.63c 371.2c 485.8 83.2 1.1ab 2.9b 
P-Value <0.0001 <0.0001 0.41 0.08 <0.0001 0.002 
Exit 
Velocity4 
      
Fast 3.5a 386.8 502.9 85.0 1.1 3.0 
Medium 3.4a 390.2 494.1 85.7 1.1 3.0 
Slow 2.5b 376.9 488.7 84.9 1.1 2.9 
P-Value 0.01 0.06 0.75 0.90 0.63 0.82 
Blood 
Lactate4 
      
High  3.4 386.2 507.8 85.1 1.0 3.0 
Medium 3.4 386.1 495.6 86.9 1.1 2.9 
Low 3.3 381.5 482.3 83.4 1.2 3.1 
P-Value 0.39 0.69 0.67 0.16 0.50 0.47 
1 ADG = (feedlot weight – 205 adjusted weaning weight)/140 
2 Carcass weight, Marbling scores: 300 = slight, 400 = small, 
500 = modest, 600 = moderate, REA = Longissimus thoracis 
area measured between the 12th and 13th rib.  Fat = Fat 
thickness measured between the 12th and 13th rib. 
3 Yield grade = 2.5 + (2.5 x adjusted fat thickness, 12th rib, 
inches) + (0.0038 x hot carcass weight, pounds) + (0.2 x 
percentage KPH) - (0.32 x ribeye area, sq. in) 
6 Classifications for growth rate, exit speed and blood lactate 
are based on ± one standard deviation from the mean. Plus one 
standard deviation is fast or high and minus one standard 
deviation is low. The rest of the steers were classified as 
medium. 
a,b,c means within a column with different superscripts are 
significantly different P<0.05 
 
measured by exit velocity and docility score, had 
less feed intake and therefore slower growth rate 
than cattle with less excitable temperaments as 
measured by crush score and flight speed (exit 
velocity).  Voisinet et al. (12) along with Behrends 
et al., (13) also found a decrease in growth rate 
(ADG) in animals with more excitable 
temperament. One potential explanation for this 
difference is the type of cattle used for the 
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Table 2:  Simple correlations coefficients (P-value) between average chute score, average exit velocity and 
average blood lactate concentration and carcass measurements. 











































































EVAVG        1 0.38 
(<0.0001) 
BLAVG         1 
1 Carcass weight, 2Marbling scores: 300 = slight, 400 = small, 500 = modest, 600 = moderate, Fat = Fat thickness measured 
between the 12th and 13th rib. 4REA = Longissimus thoracis area measured between the 12th and 13th rib.    
 2Yield grade = 2.5 + (2.5 x adjusted fat thickness, 12th rib, inches) + (0.0038 x hot carcass weight, pounds) + (0.2 x percentage 
KPH) - (0.32 x ribeye area, sq. in), 3ADG= (feedlot weight-weaning weight)/140 days 
4Average blood lactate (BLAVG), average exit velocity (EVAVG), and chute score (CSAVG) are the average of the four 
measurements taken at weaning, re-vaccination, feedlot entrance, and midway feedlot 
 
 
cattle while other researchers investigated the effect 
of temperament on growth rate and ADG on Bos 
indicus and Bos indicus cross cattle (3, 4, 5).  It is 
possible there is a difference in the response to stress 
between Bos indicus and Bos taurus cattle.  
 
Evaluating correlation between temperament 
measures and carcass data for all steers (n=154) 
several significant relationships were observed 
(Table 2). ADG was significantly associated with 
carcass weight (P < 0.0001). As carcass weight went 
up the calculated ADG did as well.  Carcass weight 
was significantly correlated to ribeye area (P < 
0.0001) but not fat thickness or yield grade. Fat 
thickness was positively correlated to yield grade (P 
< 0.001), indicating as fat thickness increased, yield 
grade increased. Ribeye area (P < 0.001), however 
was negatively correlated to yield grade. Showing a 
decrease in yield grade as ribeye area increased as 
would be expected because ribeye area is part of the 
yield grade calculation. As expected fat thickness 
was positively correlated to marbling score (P = 
0.01), indicating that as external fat increased so did 
the intramuscular fat or marbling in the ribeye.  
However, our results showed no relationship 
between growth rate and marbling (P = 0.909). This 
data is in contrast to Purchas et al. (14) who 
concluded that faster growth rate was associated 
with higher levels of intramuscular fat.  
 
IV. CONCLUSION  
 
In this study, steers with a slower exit velocity 
resulted in lower ADG. This is in contrast to other 
researchers who found that animals that left the 
chute faster were smaller with lower ADG.  
Furthermore, these steers had smaller REA which 
was negatively correlated to yield grade and fat 
thickness. This difference implies there is an 
impact of temperament on growth that is 
dependent on the breed of cattle being evaluated.  
This suggests that more objective information is 
needed before making recommendations on 
temperament.  Blood lactate concentration was 
directly correlated with exit velocity however did 
not show any significant relationships to carcass 
data. In this study, exit velocity was a better 
predictor of effects on growth rate and carcass 
characteristics than chute score or blood lactate 
concentration. More research is necessary to 
determine if categories can be developed based on 
exit velocity that would predict which animals will 
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Abstract – The purpose of this research was to 
investigate the perceived tension between halal 
meat production requirements and animal welfare 
concerns.  An open access survey was sent online 
to a variety of Muslim groups. Fifty usable 
completed surveys were collected and the data 
trends were examined. The small sample size used 
in this survey means that conclusions are meant to 
used as preliminary. The general trend among 
respondents was that they had an increasing 
awareness of both halal production and animal 
welfare. Respondents who were more insistent 
that their meat be slaughter as halal also tended to 
have an increased desire for better animal 
welfare. In conclusion, it seems very feasible that 
improvements in animal welfare can come from 
within the halal meat industry with increased 




I. INTRODUCTION  
 
Halal food production is growing rapidly 
globally (1). The reasons for rapid industry 
growth are two-fold: there is a rapidly expanding 
Muslim population which inherently produces a 
larger market, and this also creates a consumer 
base with the buying power to demand products 
that more closely meet their desires. This second 
trend is most noticeable in countries with a 
growing Muslim minority. No longer do 
Muslims feel that they should have to choose 
between procuring live animals for their own 
slaughter versus sacrificing their religious 
standards to buy store bought meat. As with any 
rapidly growing industry, problems have arisen 
with rapid expansion (2). The halal food 
industry has become a tangled web of 
overlapping and conflicting standards that are 
difficult for both consumers and producers to 
navigate. Some countries such as Malaysia have 
government mandates standards for halal 
labeling, while others countries have left it up to 
private certification bodies to implement 
standards. While the diverse and non-
hierarchical nature of Islam has made the 
creation of a single standard for halal difficult, 
global scholarly meetings have tried to reach 
agreements on key issues (3). One result of the 
struggle to obtain a global agreement on what it 
means for processes and products to be halal is 
that what it means to be halal in spirit has been 
often left out of the equation (4). This struggle 
has left room for some beyond the Muslim 
community to suggest that in the pursuit of 
religiously correct meat, Muslims have been 
unwilling to pursue improved animal welfare. It 
is the hypothesis of this paper that Muslims do 
not see themselves as having to choose religion 
over animal welfare but tend to think of the 
issues separate but positively correlated.  
 
II. MATERIALS AND METHODS  
 
The data for this paper come from an internet 
survey of American Muslims of a variety of 
ages, races, and geographic locations conducted 
between March 14th and March 28th, 2014. The 
surveys were filled out anonymously via a  
SurveyMonkey© link that was sent out to a 
number of Muslim-oriented interest groups 
identified via Facebook and Email list serves. 
All responses were kept anonymous. Of the 50 
respondents, 48 individuals self-identified as 
Muslim while the remaining two did not answer 
the question. Two surveys were eliminated from 
the results because they refused to give 
permission for the Islamic Food and Nutrition 
Council of America (IFANCA) to use the survey 
results. No specific demographic information 
was collected about the respondents. All 
questions were single answer multiple choice. 
The following is a list of questions that was 
asked and the order in which they were asked.  
 
1. Do you consider yourself to be a 
Muslim? 
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2. May the Islamic Food and Nutrition 
Council of America make use of your 
survey responses?  
3. Which of the following choices best 
describes your meat type and source? 
4. How often do you eat meat? 
5. What is your biggest concern when 
buying meat? 
6. In the last 5 years has your awareness of 
your Halal meat source changed? 
7. In the last 5 years has your awareness of 
animal welfare changed? 
8. Will you eat meat at a restaurant that 
does not serve specifically Halal meat?  
9. Do you know if the meat you eat comes 
from animals that were stunned before 
slaughter? 
10. What do you believe about Halal meat 
and animal welfare? 
        
Respondents who did not respond to question 
two or responded negatively to question one or 
two were considered useable and thus not 
included in the results.  This paper’s goal is to 
examine the viewpoint of self-identified 
Muslims and permission to use responses was 
necessary given how the surveys were 
conducted. After the above surveys were 
removed 50 remained. 
There was no statistical significance calculated 
as this survey was intended to be preliminary 
and to be used primarily to gage the general 
level of engagement of the Muslim community 
with regards to animal welfare. No percentage 
responding calculation was possible because the 
total number of people who received the survey 
could not be determined.  
III. RESULTS AND DISCUSSION  
 
The results of the survey reported here have 
been selected as most relevant to the goals of 
this paper. The most important finding of the 
survey was that 61% of respondents are more 
concerned about animal welfare today than they 
were 5 years ago. This is much higher than the 
48% that are more concerned about their halal 
meat source than they were five years ago. 
Figures 1 and 2 show the respondents changes in 










Figure 2. Question #6 
 
Of the respondents that had increased concern as 
to their meat source, 71% had increased 
concerns about animal welfare as shown in 





In the last 5 years has your awareness of 
animal welfare changed? 
No
Yes, I am less
concerned than I
was
Yes, I am more
concerned than I
was
Yes, I have changed






In the last 5 years has your awareness 
your Halal meat source changed? 
No
Yes, I am less
concerned than I
was
Yes, I am more
concerned than I
was
Yes, I have changed
what factors I am
concerned with
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survey population. Indicating that persons who 
are more concerned about their meat meeting 
Halal standard are also more concerned about 




Figure 3. Comparison of increased halal concern with 
animal welfare.  
 
Of the survey population, only 2% of 
respondents felt that conventionally slaughter 
animals have better welfare then halal slaughter 
animals. The majority, 67%, felt that halal 
slaughtered animals have better welfare. This 
data is meant only to examine consumer 
perception and not as a statement of IFANCAs 
belief of the currant state of animal welfare. The 
majority of the respondents did not necessarily 
know much about either the halal or secular 
slaughter industry but, as such, they are an 

















Figure 4. Question #10 
 
The remainder of the questions in the survey 
was designed to distract from the main purpose 
of the survey, i.e., to try to prevent biased 
responses by those who choose to take the 
survey, especially as desire to give the “correct” 
answer.   
IV. CONCLUSIONS  
This paper suggests a need for a change of focus 
within the halal meat production industry with 
regards to animal welfare. Recently there has 
been a focus by some individuals and groups 
outside the industry on pointing out what is 
wrong with the welfare of animals within the 
halal slaughter industry. While the focus within 
the industry has been on defending current 
practices. The beliefs of American Muslims 
included in this survey suggest that the 
community does support better animal welfare. 
It should be possible through scientifically-based 
research, education and cooperative efforts to 
improve the animal welfare of halal slaughter.  
With good faith, this should be able to occur 
without antagonism or legislation as the interest 
in improved animal welfare seems to meet the 
desires of both the halal meat industry and of the 
Muslim consumer population. This parallels the 
71% 
29% 
Of Respondants with increased concern 
about Halal Meat answering the question, 
"In the last 5 years has your awareness of 









What do you believe about Halal meat 
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current improvements in animal welfare being 
made throughout animal agriculture in the 
United States and the world.  This can be done if 
continued improvements in science based-
animal welfare are made a priority within the 
halal meat industry. There is also a need for 
further research into what constitutes good 
animal welfare for halal slaughter and what the 
best means to provide science based animal 
welfare training to the consuming public. More 
importantly there needs to be more focus on the 
slaughter system as a whole rather than just on 
the moment of slaughter.  
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Abstract – We analysed the effect of an enriched 
housing on the sensory meat quality and fatty acid 
composition of longissimus muscle in 60 entire Rasa 
Aragonesa lambs, housed indoors for 5 weeks in six 
pens (10 lambs/pen, 0.95m2/lamb, initial weight 
17.09±0.2 kg); three control pens (barren) and three 
enriched pens (with straw and a double bunk). All 
lambs were fed ad libitum with commercial ground 
(4-6 mm sieve) concentrate (Ovirum Alta Energía 
®).Enriched lambs (EDB) had lower carcass 
conformation score and cooking losses (P≤0.05). No 
differences were found in pH24. Texture values of 
EDB were higher (P≤0.05) than controls (CO).EDB 
had higher percentage of C18:0 and SFA (P≤0.05). 
CO had higher percentage of totaln-6 (P≤0.05) and 
higher PUFA: SFA ratio (P≤0.05) than EDB. Only 
the overall liking (OL) was slightly higher for EDB 
(P≤0.05). The step-wise analysis showed that OL was 
significantly associated to several sensory 
parameters. Fibrousity was the strongest parameter 
associated with OL in the EDB (P≤0.0001) and 
tenderness was the strongest parameter associated 
with OL in the CO and CO+EDB (P≤0.001). The 
results suggest that full enrichment (straw and 
double bunks) can have effects on instrumental meat 
quality, fatty acid composition and sensory meat 
quality. 
 
Key Words – feedlot lambs, full enrichment, fatty 




In recent years, sheep production in several 
Mediterranean countries has become more 
intensive. In some regions of Spain, the final stage 
of lamb fattening occurs indoors in off-farm 
cooperative centres (CC) [1]. This has a number of 
benefits for the farmer and for production (i.e., 
simplifying the finishing process and more 
homogeneous carcasses, respectively), but could 
have negative effects on animal welfare and the 
final product (i.e meat). In Europe, the increasing 
public concern about animal welfare has produced 
important changes in European legislation 
regarding livestock production [2]. Recent studies 
conclude that the main reason consumers buy 
welfare friendly products is for their improved 
organoleptic quality, followed by improved 
welfare [3]. Thus, it seems important to include 
both aspects when analysing the effects of specific 
production practices such as environmental 
enrichment, since apparent benefits for the animal 
may not be good for the production system or final 
product. The aim of this study was to evaluate how 
double bunks and straw (as forage and bedding) 
affects productive performance traits, some 
instrumental meat quality characteristics, sensory 
aspects and intramuscular fatty acid profile during 
the final phase of fattening in lambs. 
 
II. MATERIALS AND METHODS 
 
III. Sixty Rasa Aragonesa entire male lambs 
of 65 days of age (17.09 ± 0.2 kg live 
weight) were divided in 2 treatments 
(enriched or standard), housed for 5 weeks 
in 6 pens (2.9mx 3.3m, 0.95m ² density / 
lamb, 10 lambs / pen in 3 replicates per 
treatment). The control pen (CO) was 
similar to cooperative feed lots (CC), 
without straw. The enriched pen (EDB) 
contained straw as forage and bedding and 
a double bunk (2.0 long, 0.95 m wide and 
0.5 high) with two ramps on each end to 
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get to the upper zone. Lambs were fed ad 
libitum with commercial ground (4-6 mm 
sieve) concentrate (Ovirum Alta Energía 
®) containing barley, wheat, calcium 
carbonate, sodium chloride and a vitamin 
supplement corrector (18% crude protein 
and 11.5 MJ metabolisable energy/kg 
DM) and consumption was recorded. 
Lambs were weighed at the beginning and 
end of the experiment to estimate the 
average daily gain (ADG). At 24 hrs after 
slaughter, the pHult were measured. 
Carcasses were evaluated in terms of 
conformation and fatness with the 
European classification system. The 
Longissimus muscle was removed and 
divided into three sections. The first 
section was to determine the fatty acid 
composition. Lipid extraction and gas 
chromatography analysis of fatty acid 
methyl esters was performed as described 
by Carrilho et al. 2009[4]. The second 
section was to measure the cooking losses 
(CL%) and texture by Warner-Bratzler, 
and the third section was to evaluate the 
sensory quality of the meat [5]. Meat 
quality variables were analysed with a 
fixed effects model (type of environment), 
co-varying carcass trait and the fatty acid 
composition with the weight of the cold 
carcass [6]. Statistical analysis of sensory 
variables. Mention smth. RESULTS AND 
DISCUSSION 
 
Overall, lambs of both groups had similar 
productive traits, but the carcass conformation 
score of EDB was 1.3 point less than CO (5.9 and 
4.6, respectively). No significant differences were 
found in pH24; however, as shown in Table 1, the 
EDB lambs had lower CL% and higher values of 
texture than CO (+20.6% and +15.08% of shear 
force and toughness, respectively).  
 
Table 1. Least square means (±S.E.) of texture by 
WB in lambs subjected to barren or full enriched pen 
during the finishing phase of fattening. 
Response variable Control Enriched 
Final weight (kg) 26.30 (±0.38) 25.73 (±0.36) 
ADG (kg) 263 (±9.34) 257 (±8.86) 
Conversion index 3.30 (±0.11) 3.39 (±0.11) 
pHult(24 h) 5.59 (±0.01) 5.58 (±0.01) 
Cooking losses (%) 14.85 (±0.58)a 12.66 (0.58)b 
Texture by WB   
Shear force (kg/cm²) 4.42 (± 0.23)a 5.33 (± 0.23)b 
Max. stress (kg/cm2) 4.41 (± 0.22)a 5.11 (± 0.22)b 
Toughness (kg) 1.79 (± 0.09)a 2.06 (± 0.09)b 
a, b: different letters within raw represent significant 
difference between treatments (P≤0.05) 
Table 2.Intramuscular fat (%) and fatty acid 
composition (% of total fatty acids) of M. 
Longissimus dorsi from control and enriched lambs 










3.10 3.36 0.15 n.s 
C10:0 0.12 0.12 0.006 n.s 
C12:0 0.13 0.17 0.01 0.067 
C14:0 2.30 2.57 0.11 0.080 
C15:0 0.34 0.34 0.01 n.s 
C16:0 23.04 23.70 0.26 0.086 
C16:1 1.41 1.54 0.06 n.s 
C17:0 1.54 1.36 0.04 n.s 
C17:1 0.85 0.76 0.02 0.024 
C18:0 13.7 14.83 0.28 0.0074 
C18:c1 n-9 36.88 36.83 0.2 n.s 
C18:2 n-6 6.34 5.70 0.2 0.065 
C18:3 n-3 0.33 0.34 0.02 n.s 
CLA 0.41 0.46 0.02 n.s 
C20:3 n-3 0.13 0.13 0.009 n.s 
C20:3 n-6 0.18 0.16 0.008 0.052 
C20:4n-6 2.20 1.79 0.11 0.015 
C20:5 n-3 EPA 0.18 0.20 0.02 n.s 
C22:5 n-3DPA 0.41 0.36 0.02 n.s 
C22:6 n-3 DHA 0.12 0.15 0.02 n.s 
SFA 41.46 43.46 0.29 0.0001 
MUFA 45.08 44.46 0.41 n.s 
PUFA 10.70 9.62 0.42 0.07 
n-6 9.05 7.92 0.35 0.02 
n-3 1.23 1.23 0.09 n.s 
PUFA:SFA 0.26 0.22 0.01 0.02 
n-6:n-3 7.94 7.08 0.35 0.08 
Co-varied by cold carcass weight. aMeans; SE: standard 
error. ns= no significant. *CLA=sum of total isomers. 
Significant differences = P≤0.05. 
 
There were significant differences in fatty acid 
composition between treatments (Table 2). EDB 
had 1.13 percentage points (pp) more C18:0 
(P≤0.05) and 2 pp more of total SFA (P≤ 0.05) 
than CO. Probably the increase of total SFA in 
EDB was due to their higher percentage of 
stearic acid (C18:0) and also to their tendency to 
have more C12:0, C14:0 and C16:0. It has been 
described that a lesser amount of C18:0 could be 
because a concentrate diet increases available 
soluble carbohydrates, resulting in lower 
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ruminoreticular pH, which decrease hydrogenase 
activity, leading to less conversion of C18:2 to 
C18:0 [7]. Thus, the EDB (provided with straw) 
could have maintained the ruminal pH, 
increasing the hydrogenase activity. Moreover, 
CO lambs had significantly more (P≤0.05) total 
n-6 (+1.13 pp) due to higher (P≤0.05) C20:3 n-6, 
C20:4 n-6 and a tendency for higher C18:2 n-6 
(+0.64 pp). Although there was no significant 
difference among treatments in total n-3, the 
higher percentage of total n-6 in CO led to a 
slightly higher PUFA:SFA ratio (P≤0.05), which 
is supported by tendency of CO to have a higher 
n-6:n-3 ratio (+0.86pp) as well. Probably the 
presence of straw in the diet affected the fatty 
acid composition, because lambs could replace 
part of the concentrate for straw leading to a 
better control of the ruminant pH and, probably, 
lower consumption of concentrate. 
 
Table 1. Least square means (±S.E.) of sensorial meat 
quality variables from lambs in control (barren) or 
enriched pens during the finishing phase of fattening. 
 
Sensory variables* Control Enriched SE P values  
Tenderness 5.92 5.66 0.21 n.s  
Juiciness 5.19 5.28 0.12 n.s  
Fibrousity 4.39 4.54 0.20 n.s  
Lamb odour 5.48 5.63 0.12 n.s  
Grass odour 2.74 2.68 0.11 n.s  
Fat odour 3.43 3.54 0.09 n.s  
Lamb flavour 5.92 5.91 0.10 n.s  
Metallic flavour 3.65 3.74 0.12 n.s  
Fat flavour 4.60 4.68 0.09 n.s  
Bitter flavour 2.96 2.83 0.13 n.s  
Hot flavour  2.75 2.81 0.09 n.s  
Overall liking 4.65 5.07 0.11 0.02  
*Numerical scale from 0 to 10, with higher values indicating 
higher levels of that item. n.s= no significant. Significant 
differences = P≤0.05 
 
 
Sensory analyses showed no significant 
differences in specific sensory variables; 
however, a slightly difference in favour to EDB 
(P≤0.05) was found in the overall liking 
(OL).The step-wise analysis showed that the OL 
was related to several sensory parameters. 
Tenderness was the strongest parameter 
associated with the OL in the CO lambs and 
CO+EDB combined (P≤0.0001 and P≤0.006, 
respectively); however, fibrousity was the 
strongest parameter associated with OL in EDB 
lambs (P≤0.0001), which makes sense if the 
latter is related with the higher values of texture 
of the EDB. Flavour was another sensory 




Table 2. Step-wise multiple regression analysis of the 
relationship between the overall liking of the meat and other 
sensory parameters in lambs subjected to enriched or barren 
environments during the finishing phase of fattening. 
 
 
Step Overall Control Enriched 
Var. R² P Var. R² P Var. R² P  
1st TE 32 0.0001 TE 35 0.0006 FIBR 49 0.0001 
2nd BF 40 0.007 BF 44 0.04 HF 56 0.04 
3rd FF 45 0.04 FO 49 0.10 FF 68 0.003 
4th JU 47 0.14 JU 51 0.34 BF 71 0.16 
5th LF 49 0.14 LF 53 0.32 TER 73 0.19 
6th FIBR 50 0.18 GO 54 0.42 LF 76 0.11 
7th GO 52 0.21 FF 55 0.47 FO 78 0.20 
 
TE: tenderness. BF: bitter flavour. FF: Fat flavour. MF: 
Metallic flavour. JU: Juiciness. FIBR: Fibrousity.  FO: Fat 
odour. LO: lamb odour. LF:  lamb flavour. GO: grass odour. 





Full enrichment (straw, double bunks and ramps) 
affected texture values and fatty acid composition 
of the longissimus muscle, but had less of an effect 
on sensory aspects of the meat. The main reason is 
probably the forage straw; however the presence 
of the double bunk could be responsible for the 
high toughness meat. The results of this study 
provide evidence to suggest that providing 
something good for the animal (enrichment), may 
not be positive in all aspects for the quality of the 
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Abstract – Immunocastration, crossbreeding, and 
feedlot finishing are becoming common in Brazilian 
beef production systems due to economic reasons. 
However, limited information is available on the 
influence of immunocastration on beef quality of 
crossbred cattle finished in Brazilian feedlots. 
Therefore, the objective of the present study was to 
examine the effects of immunocastration on meat 
quality of crossbred beef animals (Nellore × 
Aberdeen Angus) finished in feedlot. Surgically 
castrated, immunocastrated, and intact males were 
finished in feedlot for 90 days. The animals were 
harvested, carcasses were chilled, and one 2.5-cm 
steak was fabricated from Longissimus thoracis 
muscle. The steaks were individually vacuum 
packaged and frozen at −18°C. Frozen steaks were 
thawed, and pH, instrumental color, cooking loss, 
and shear force were evaluated. Steaks from 
immunocastrated animals exhibited greater (P < 
0.05) surface redness (a* values) than those from 
intact animals indicating possible advantage in 
retailing. On the other hand, all treatments did not 
show differences (P > 0.05) on pH, L* value, cooking 
loss, and shear force. Our results suggested that 
immunocastration could be utilized as a pre-harvest 
strategy to improve redness in Longissimus thoracis 
steaks from feedlot-finished Nellore × Aberdeen 







More than 75% of the Brazilian beef cattle 
are Bos indicus animals, of which Nellore is a 
major breed. Bos indicus animals are late maturing 
compared to their European (Bos taurus) 
counterparts, and therefore Nellore animals have 
been crossbred with European breeds for genetic 
improvement of beef herds in Brazil. The major 
European breed used for crossbreeding is 
Aberdeen Angus (1). The crossbred animals 
demonstrate improved performance, carcass traits, 
and meat quality compared with Bos indicus 
animals.  
However, a major disadvantage in raising 
crossbred animals in pasture is their high 
nutritional requirements, and crossbreds require 
high-energy diets for weight gain (2). In this 
context an alternative strategy is finishing 
crossbred cattle in feedlot, which is becoming a 
popular production practice in Brazilian beef 
industry.  
Surgical castration decreases 
aggressiveness in male animals and improves beef 
quality traits. However, surgically castrated 
animals often exhibit low performance. 
Furthermore, surgical castration is considered as a 
questionable animal welfare practice (3). 
Immunocastration prevents aggressive behavior 
and mitigates undesirable carcass characteristics 
(4). The anti-GnRH vaccine neutralizes GnRH and 
inhibits the release of sex hormones (5). Since 
anti-GnRH vaccination exerts effect in relatively 
short time, immunocastration can be applied in 
beef animals immediately before their transference 
to feedlot or while being finished in feedlot. 
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The influence of immunocastration on 
meat quality of crossbred beef cattle finished in 
Brazilian feedlots has not been investigated. 
Therefore, our objective was to examine the 
effects of immunocastration on quality attributes 
of beef from crossbred Nellore × Aberdeen Angus 
males animals finished in Brazilian feedlot.  
 
II. MATERIALS AND METHODS 
 
The protocol for animal care and handling 
was approved by the Ethics Committee on Use of 
Animals at the Universidade Estadual Paulista, 
Botucatu, Brazil. Thirty male crossbred (Nellore × 
Aberdeen Angus) beef animals were utilized in 
this study. The cattle were raised on pasture 
(Brachiaria brizantha cv. Marandu) from birth 
until their transference to feedlot. Ten males (n = 
10) were surgically castrated 28 days before 
entering the feedlot. Ten animals were 
immunocastrated by vaccinating twice with anti-
GnRH vaccine (Bopriva, Pfizer Animal Health) at 
28 days and one day before being transferred to 
the feedlot. Ten males were kept intact (non-
castrated). Once the animals entered the feedlot, 
they were randomly allotted to individual pens and 
fed ad libitum with a high-grain diet containing 85% 
of concentrate. The average weight at transfer was 
505 kg, and the age was between 19 and 21 
months. The finishing period at the feedlot lasted 
90 days.  
The cattle were fasted for 18 hours and 
were humanely harvested under Brazilian federal 
inspection. The carcasses were chilled overnight at 
2°C before fabrication, and one 2.5-cm steak was 
removed from the Longissimus thoracis muscle at 
the 12th rib. The steaks were individually vacuum 
packaged and frozen at –18°C until further 
analysis.  
The frozen steaks were thawed overnight 
at 2°C before evaluation of meat quality attributes. 
The pH was measured using a probe-type portable 
pH meter (Hanna Instruments, Woonsocket, RI, 
USA). Thawed steaks were allowed to bloom for 
30 min before instrumental color analyses. L* 
(lightness), a* (redness), and b* (yellowness) 
values were measured on the surface at three 
random locations using a Minolta CR-400 
colorimeter (Konica Minolta Sensing, Osaka, 
Japan) with illuminant C, 8 mm aperture, and 2° 
observer angle (6). 
The steaks were then cooked in a 
clamshell grill to an internal temperature of 71°C. 
Internal temperature was measured using a digital 
thermometer inserted at the geometric center of 
the steak. The steaks were weighed before and 
after cooking. Cooking loss was calculated from 
the difference in the weight of raw and cooked 
steaks and expressed as percentage of initial 
weight. Cooked steaks were cooled for 12 h at 4°C, 
and six cylindrical cores of 1 cm diameter in the 
direction of the muscle fiber were taken from the 
samples. These cores were sheared using Warner-
Bratzler probe attached to a TA-TX2i texture 
analyzer (Stable Micro System, Surrey, United 
Kingdom) set at a speed of 20 cm/min (7). 
The experiment was a completely 
randomized design with ten replicates (n = 10). 
Data were analyzed through the MIXED 
procedure (8) using covariate, which was the 
bodyweight of the animals 40 days prior to feedlot 
transfer. The means were compared by Student’s t-
test at P < 0.05. 
 
III. RESULTS AND DISCUSSION 
 
Sexual conditions did not influence pH of 
beef (P > 0.05; Table 1). In agreement with our 
results, Amatayakul-Chantler et al. (9) did not find 
differences in pH between immunocastrated and 
non-castrated crossbred (Bos indicus × Brown 
Swiss) beef animals finished in Mexican feedlot. 
Furthermore, other authors did not find pH 
differences in beef from surgically castrated and 
immunocastrated Nellore males finished on 
pasture (10). 
 
Table 1: Effect of sexual condition on quality attributes 
of Longissimus thoracis muscle from crossbred 
(Nellore × Aberdeen Angus) beef cattle finished in 
feedlot. 






pH 6.03 5.98 6.23 
L* value 33.29 34.82 32.95 
a* value 16.91xy 18.33 x 16.54 y 
b* value 4.54 xy 5.13 x 3.65 y 
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Cooking loss (%) 21.60 22.98 19.48 
Shear force (N) 56.60 53.37 48.85 
x–y Means in a row without common superscripts are 
different (P < 0.05). 
 
The sexual condition did not influence (P 
> 0.05) the L* values (lightness) of steaks (Table 
1). In agreement with our results, Amatayakul-
Chantler et al. (9) reported similar L* values for 
steaks from intact and immunocastrated crossbred 
animals finished in feedlot. The sexual condition 
influenced (P < 0.05) a* value (Table 1), and the 
steaks from immunocastrated animals 
demonstrated greater redness (P < 0.05; greater a* 
value) than the steaks from intact animals. 
However, the steaks from immunocastrated and 
surgically castrated animals did not demonstrate 
any difference (P > 0.05) in redness. There was no 
difference (P > 0.05) in a* values of steaks from 
intact and surgically castrated animals. In contrast 
to our findings, Amatayakul-Chantler et al. (9) did 
not observe any differences in a* values of steaks 
harvested from non-castrated and 
immunocastrated crossbred animals finished in 
feedlot. In partial agreement with our results, 
previous report (10) observed no difference in a* 
values of steaks from surgically castrated and 
immunocastrated Nellore animals on pasture. 
Furthermore, Costa et al. (11) examined the color 
traits of fresh beef from surgically castrated and 
non-castrated crossbred animals finished in feedlot 
and observed no difference in surface redness. Our 
results indicate that immunocastration improved 
redness of steaks from crossbred animals finished 
in feedlot, when compared to intact males. Surface 
redness is an important trait influencing consumer 
purchase decision of fresh beef (12), and 
immunocastration may be exploited as a pre-
harvest strategy to improve color and 
marketability of fresh beef. 
Yellowness (b* value) was influenced (P 
< 0.05) by the sexual condition (Table 1). The 
steaks from intact animals demonstrated lower (P 
< 0.05) b* values than those from 
immunocastrated ones. However, b* values were 
not different (P > 0.05) for the steaks from 
immunocastrated and surgically castrated animals. 
There was no difference (P > 0.05) in the b* 
values of steaks from intact and surgically 
castrated groups. In agreement with our results, 
Costa et al. (11) documented no difference in b* 
values of fresh beef from non-castrated and 
surgically castrated crossbred animals finished in 
feedlot. Furthermore, other researchers (9) did not 
observe any differences in b* values of beef from 
intact and immunocastrated crossbred animals 
finished in feedlot. 
Cooking loss affects palatability attributes 
(13) and ultimately influences acceptability. In the 
present study, cooking loss was not influenced (P 
> 0.05) by sexual conditions (Table 1). A limited 
number of investigations have examined cooking 
loss in beef from immunocastrated animals, and 
the previous reports are in agreement with our 
observations. Ribeiro et al. (14) compared cooking 
loss in beef from surgically castrated, 
immunocastrated, and intact Nellore animals on 
pasture and found no difference among the three 
treatments. Furthermore, Amatayakul-Chantler et 
al. (10) found no differences in cooking loss of 
steaks from surgically castrated and 
immunocastrated pasture-raised Nellore animals. 
Moreover, Costa et al. (11) did not observe any 
difference in cooking loss in steaks from 
surgically castrated and intact crossbred (Nellore x 
Charolais) animals. Additionally, Vaz et al. (15) 
reported no difference in cooking loss for steaks 
from Hereford bulls and surgically castrated 
animals. 
Shear force was not influenced (P > 0.05) 
by sexual conditions (Table 1). In partial 
agreement with our results, several previous 
studies reported that immunocastration had no 
influence on shear force of beef from Bos taurus 
animals finished in the feedlot (16) and Nellore 
animals on pasture (10, 14). However, 
Amatayakul-Chantler et al. (9) observed greater 
shear force for steaks from bulls than those from 
immunocastrated crossbred animals in feedlot. Our 
results are in conflict with previous studies 
comparing shear force of beef harvested from 
surgically castrated and intact crossbred animals; 
previous investigations documented greater shear 
force for steaks from bulls than those from steers 
(11, 17). The observed differences on shear force 
between our results and the previous reports could 
be attributed to the differences in the age of the 
animals at harvest (22–24 months in the present 
study vs. 6–24 months in the previous 
investigations) and the age at which surgical 
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castration was performed (18–20 months in the 





The results of the present study indicate 
that beef from immunocastrated crossbred cattle 
demonstrated greater redness than beef from intact 
males suggesting a possible better marketability. 
Brazilian beef industry may exploit 
immunocastration as a logical strategy to improve 
surface color in crossbred (Nellore × Aberdeen 
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Abstract – The objective of the study was to 
determine the effects of age, breed, sex and season on 
the activity of creatine kinase (CK) concentration in 
blood and beef quality. Three hundred and twenty 
one cattle from three genotypes (108 Bonsmara, 130 
Beefmaster and 83 Brahman) were used in the study 
and grouped according to age in months as follows: 
16 months, 18 months and 24 months old. At 
exsanguinations, blood samples were collected using 
disposable vacutainer tubes for CK determination. 
Muscularis longissimus thoracis et lumborum (LTL) 
samples were collected 24 h after slaughter to 
determine the color (L*, a* and b*) and ultimate pH 
(pHu) of beef. Age, breed, sex and season had 
significant effects (p<0.05) on CK levels and on beef 
quality. Bonsmara had the highest CK concentration 
(705.380.57 U/L) and pHu (6.30.05), L* (24.80.78) 
a* (17.50.53) and b* (12.80.53) values as compared 
to Beefmaster and Brahman. Higher CK levels were 
also observed in winter (704.1.343.85) than other 
seasons. Therefore, it was concluded that animal-
related factors (age, breed and sex) had an effect on 
muscle damage which have a detrimental effect on 
the levels of CK and meat quality.  
 





Several pre-slaughter processes that are at play 
before the animal is slaughtered results to poor 
animal welfare and beef quality. The pre-slaughter 
period involves rounding up, kraaling, loading, 
transportation and off-loading at the abattoir (1; 2). 
Animal transportation is associated with numerous 
risks resulting from management, intrinsic and 
extrinsic factors; of these, intrinsic factors such as 
breed, age and sex have been found to significantly 
affect beef quality (3). At the slaughterhouse, 
beef cattle are grouped by their age, size and breed 
which is done by the farm and abattoir workers. 
Male and young animals due to their 
comparatively more aggressive behavior are more 
at risk of poor meat quality than female and old 
animals. Moreover, the results are also due to 
rough driving and mishandling before and after 
transportation (4; 5; 6). It is enlightened that sex of 
animals, gender and breed has an effect on animal 
stress (7). Stress results in an increase in the 
activity of creatine kinase in the blood and this is 
due to tissue damage and poor muscular tissue 
reperfusion (8; 9). In goats and sheep, higher levels 
of CK in the plasma were found to be caused by 
breed temperament, excitability and fighting 
against each other (10; 11). The aforementioned 
factors, including transportation, are documented 
to likely have a greater adverse effect on the 
welfare of calves than on mature (>17 to 19 
months) age animals (12). Moreover, older animals 
(>36 months) experience similar welfare 
challenges which later reduce carcass quality and 
meat quality resulting in low economic value (13). 
Breeds such as Beefmaster, Bonsmara, Brahman 
and Nguni are recorded to withstand adverse 
environmental conditions (hot temperatures), long 
dry periods, diseases and parasites (14; 15; 16). 
Several studies indicate that stress increase post 
mortem ultimate pH (pHu) values due to depletion 
of glycogen in ruminants and produces tougher 
meat (4; 2; 17). Research on breed stress 
responsiveness (17), mutton quality (18; 2) and 
creatine kinase in sheep (11) has been done. 
However, there is little or no information on the 
relationship between creatine kinase (CK) and 
meat quality attributes (pHu and color) in beef 
cattle. Therefore the objective of the study was to 
determine the effects of animal-related factors and 
season on the activity of creatine kinase (CK) and 
the quality of beef. 
 
II. MATERIALS AND METHODS 
 
Study site  
The study was conducted at a high-throughput 
commercial abattoir in the Eastern Cape Province 
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of South Africa. The climate of the area is mild 
with an average rainfall of 850 mm. Permission to 
conduct the study was obtained from the Ethics 
Committee of the University of Fort Hare, South 
Africa. Ethical principles were considered in the 
study to conform to the national and international 
standards governing research with usage of animals. 
The day temperature during the period of study 




Animal management  
 
Three-hundred and twenty one cattle (n = 321) 
composed of 3 different breeds (108 Bonsmara, 
130 Beefmaster and 83 Brahman) that were 
brought to the abattoir for slaughter were used in 
the study. The animals used were balanced 
according to sex (males and females) and grouped 
according to age categories as follows: Group 1 (16 
months), Group 2 (18 months) and Group 3 (24 
months). Data was collected over four seasons 
(winter, spring, summer and autumn) between June 
2011 and May 2012. Animals were allowed to rest 
at lairage while having ad-libitum access to water 
for 24 hours (overnight) prior to slaughter in all the 
animal groups.  
 
Sample preparation and analysis of creatine kinase  
During exsanguinations, disposable vacutainer 
tubes with Ethylenediaminetetraacetic acid 
(EDTA) anticoagulant were used to collect blood. 
The blood samples were centrifuged (Model 
5403 Centrifuge, Gatenbay Eppendorf GmbH, 
Engelsdorp, Germany) at 21 °C for 10 min at 
3550 rpm and were then stored at -20°C. 
Analysis of CK was done at the National Health 
Laboratory Services (NHLS), Port Elizabeth in 
South Africa using a Model DXC 600 machine 
(Beckman Coulter, Ireland). The ingredients were 
added for quantitative determination of CK 
activity of units per liter (U/L) in plasma (11). 
 
Determination of color and ultimate pH 
A sample was extracted from Longisimus 
thoracic et Lumborum (LTL) muscles, removed 
from the 4th and 6th ribs of the loin region at 24 
hours after animals were slaughtered. This 
sample was used to measure color (L* = 
lightness, a* = redness and b* = yellowness) and 
pHu. The color coordinates were measured using 
a color-guide 45/0 BYK-Gardener GmbH 
machine with a 20 mm diameter measurement 
area and illuminant D65-day light, 100 standard 
observer. Ultimate pH was also measured from 
the same muscles using a portable pH meter 




Age group, breed, gender and seasonal effect on 
the activity of CK and beef quality was analyzed 
using PROC GLM of SAS (19). Significant 
differences in means between CK levels and beef 
quality parameters were compared using Duncan 
Multiple Range Test. 
 
III. RESULTS AND DISCUSSION 
 
Results in Table 1 show that Bonsmara had 
significantly higher (705.380.57 U/L) CK levels 
than Brahman (461.880.63 U/L), and 
Beefmaster breed (657.480.63 U/L). Bonsmara 
was more susceptible to stress due to rough 
driving and mishandling before and after 
transportation (20; 7). Long hours of 
transportation have been recorded to lead to 
fatigue and bruising that affects the permeability 
of the membranes and liberation of enzymes in 
the blood (14; 21). The reaction of this breed to 
transportation is perplexing because it has been 
noted that Bonsmara` s are able to withstand 
harsh and unfamiliar conditions (15). The lower 
CK levels in Brahman and Beefmaster is 
Table 1 Least square means (SE) for the effect of 
age, breed and sex of animal on the activity of CK 
Variables 
Number of animals 
per breed 
Creatine Kinase 














Females 222 579.3±13.65a 
Males 91 724.6±21.31b 
Age 
16 months 116 636.6±76.83b 
18 months 85 729.6±89.75c 
24 months 112 524.1±78.19a 
a,b,cMeans in the same column with different 
superscripts are significantly different at p<0.05. 
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ascribed to the fact that they are breeds which 
adapt well to handling and adverse 
environmental conditions (14). Table 1 shows 
that males had higher CK activity (p<001) as 
compared to female. Males are more active, 
aggressive and stress sensitive than females. 
Similar results were reported that normally have 
higher CK levels than females (22). Moreover, 
the observed increase (p<0.05) in CK levels for 
the 18 months old animals was due to muscle 
fatigue as a result of strenuous exercise. Creatine 
kinase found in muscles was reported to be 
expressed in higher levels in males and younger 
animals (22). Similarly, young animals being at 
risk of more muscle damage was also reported 
(4).  
 
Season had an effect on the activity of CK in 
slaughter cattle as represented in Table 2. 
Creatine kinase (CK) was higher during the 
winter season (704.143.85 U/L) and lower in 
the summer season (181.3124.09 U/L), while 
spring (698.359.19 U/L) and autumn 
(658.0116.25 U/L) had intermediate CK levels.  
It was observed that CK levels were higher 
during winter season as a result of poor pre-
slaughter conditions (8). However, increased CK 
activity in lambs was reported to be caused by 
physical stress during summer (23; 21).  
 
Age and breed had a significant effect on pHu, 
and color (Table 3). Beef from Beefmaster and 
Brahman breeds had significantly higher (p<0.05) 
pHu values of 6.30.05 and 6.10.06, 
respectively compared to that of the Bonsmara 
breed which had an average value of 5.60.05. 
Age had an effect (p<0.05) on L* values. The L* 
values ranged from 25.20.71, 26.60.83 and 
20.90.73 for 16, 18, and 24 months old cattle 
respectively. The lower L* values were observed 
in 24 months old animals indicating meat 
becomes darker with increasing animal age. 
Higher values of pH had been reported to results 
in lower L* (lightness), a* (redness) and b* 
(yellowness) values than normal pH meat, 
indicating that high pH meat is darker and less 




Age, breed and sex (animal-related factors) had 
an effect on the activity of CK and also on 
meat/beef quality. Creatine kinase levels were 
higher during winter months than in spring and 
autumn. Therefore, it was concluded that animal-
related factors and season can have an effect in 
the development of muscle damage due to 
physical activity prior slaughter which increased 
CK activity and consequently provoking poor 
meat quality. Considering age, breed and sex, in 
slaughter animals, they should be managed so 
that they outcome should contribute to improve 
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Table 2 Least square means (SE) for effects of season 
on bruising score and CK levels of cattle 





a,b,cMeans in the same column with different 
superscripts are significantly different at  p<0.05. 
Table 3 Least square means (±SE) of creatine kinase, ultimate pH and color of meat as affected by age and breed 
Parameters 
Age Breed 
16 months 18 months 24 months Bonsmara Beefmaster Brahman 
N 120 87 114 108 130 83 
CK (U/L) 636.976.83b 729.689.75c 524.10.63a 705.3±80.57c 657.3±73.85b 461.8±80.63a 
pHu 6.10.05a 6.10.06a 6.10.05a 5.6±0.05
a 6.3±0.05b 6.1±0.06b 
L* 25.20.71b 26.60.83b 20.90.73a 24.8±0.78b 24.6±0.71b 21.7±0.89a 
a* 17.90.53b 17.70.62b 12.90.54a 17.5±0.53b 16.8±0.53b 13.2±0.66a 
b* 12.90.49c 11.50.58b 9.30.51a 12.8±0.53b 11.0±0.49b 9.6±0.61a 
a,b,cMeans in the same row with different superscripts are significantly different at p<0.05. pHu = ultimate pH, L* = 
Lightness, a* = Redness, b* = Yellowness, CK = Creatine kinase, U/L = Units per liter. 
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Abstract - Boar taint is an unpleasant odour 
that can occur when fat or meat from entire 
male pigs is heated and volatile compounds, 
androstenone (AND) and skatole (SKA), are 
released. Due to the influence of the cooking 
conditions on the boar taint perception, the 
sensory perception of odour (pork odour, 
skatole odour, androstenone odour); flavour 
(pork flavour, skatole flavour, androstenone 
flavour) and texture (juiciness, hardness, 
chewiness) on fresh loin pork cooked under 
two different cooking methods, [vacuum 
cooking (80 ºC) and frying (180 ºC)], was 
evaluated. For this study pork from two 
levels of AND pork entire male were 
evaluated: medium (M; 0.69 ppm AND + 0.03 
ppm SKA) and high (H; 2.49 ppm AND + 
0.01 SKA), both with SKA level below the 0.1 
ppm perception threshold. The samples 
cooked in a frying-pan raised a minimum 
level of perception for the AND odour and 
flavour attributes. Meat samples with higher 
levels of AND (2.49 ppm) were less juicy that 
those with medium (0.69 ppm). For all 
samples SKA was not detected. In conclusion, 
perception of boar taint in cooked meat from 
entire animals is influenced by cooking 





In most EU countries, 80 to 100% of the 
male pigs are castrated, but in recent years a 
higher social concern as regarding animal 
welfare has been necessary to look for new 
management alternatives to surgical 
castration. Boar taint is an unpleasant odour 
that can occur when fat or meat from entire 
male pigs is heated (1). The usual terms for 
description can be ‘male pig’, ‘animal’, 
‘urine’, ‘faecal’ and/or ‘sweat’ which are 
largely related to negative human sensory 
perception (2). It is widely considered that 
two volatile compounds are largely usual in 
boar taint namely, 3-methyl indole and 5a-
androst-16-3-one, commonly referred to as 
skatole and androstenone, respectively (3), 
which are temperature-dependent. Previous 
studies indicated the influence of the 
cooking conditions on the boar taint 
perception (1). Although some cooking 
strategies as pan or oven are usually 
considered in boar taint cooked meat from 
entire male pigs, different cooking 
conditions among studies lead to unclear 
results (1). Thus some works as regarding 
the effect of concrete 
time/temperature/cooking method on the 
perception of boar taint are lacking. In this 
sense the goal of this study was to evaluate 
the effect of the cooking methods (vacuum 
vs frying) on the boar taint perception. 
 
II. MATERIAL Y METHODS 
 
The study analyzed the effect of two 
different cooking methods: vacuum cooking 
(80 ºC sample packed in a plastic bags 
under vacuum atmosphere), and frying (180 
ºC in a frying pan with 40 ml olive oil, 
preheating time 1 min), on sensory profile 
of loin (Longisimus thoracis et lumborum) 
from entire males pigs, with two levels of 
AND and SKA level below the 0.1 ppm 
perception threshold: medium (M; 0.69 
ppm AND + 0.03 ppm SKA) and high (H; 
2.49 ppm AND + 0.01 SKA). The 
parameters studied were odour (pork odour, 
skatole odour, androstenone odour); flavour 
(pork flavour, skatole flavour, androstenone 
flavour) and texture (juiciness, hardness, 
chewiness). The panel was formed by eight 
panellists chosen from the University of 
Murcia, experienced in the profile 
assessment of AND perception. They were 
trained according to ISO (2012) (5). The 
samples were cut into 2x2 cm and then they 
were wrapped in aluminium foil coded with 
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a random three digit number and stored in a 
sand bath at 60 ºC until tasting. Mineral 
water and unsalted bread were provided for 
mouth rinsing between samples. Sensory 
analysis was carried out according to ISO 
(2003) (6) using an unstructured scale of 10 
cm. All data were analyzed using SSPS 
version 19.0 software (SPSS Inc., Chicago, 
IL).  
 
III. RESULTS AND DISCUSSION 
 
Table 1. Sensory scores (mean value ± s.d) in 
entire male pork cooked under two different  
methods (vacuum vs frying) in loins from two 
different AND level: M (medium, 0.69 ppm) 





M H M H 
Pork 
odour 
5.7±1.2by 6.5±0.7bx 7.5±1.0a 7.9±1.1a 
SKA 
odour 
0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
AND 
odour 
5.5±0.7ay 5.9±0.7bx 0.3±0.4by 1.6±0.6cx 
Pork 
flavour 
6.5±1.1 6.1±0.9b 7.3±1.4 7.3±0.7 a 
SKA 
flavour 
0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
AND 
flavour 
3.5±1.0ay 4.8±0.6bx 0.3±0.4cy 2.3±0.7cx 
Juiciness 4.9±0.9bx 3.5±0.7by 5.6±0.6ax 3.4±0.6by 
Hardness 5.1±0.8aby 5.7±1.0bx 4.7±0.7by 5.2±0.7bx 
Chewiness 5.6±0.9a 5.9±0.9 4.8±0.6by 5.5±0.6x 
M: 0.69 ppm AND + 0.03 ppm SKA; H: 2.49 ppm 
AND + 0.01 SKA 
a, b, c: Cooking effect (P<0.05); x,y: AND effect 
(P<0.05) 
AND: androstenone; SKA: skatole 
 
Table 1 presents results of sensory test 
evaluation of loins with two levels of AND 
and two heating treatments. The samples 
cooked in pan had minimum level of AND 
odour, being 0.29 and 1.66 for M and H in a 
10 cm scale, respectively. The frying 
process reduced in a 94.7 % and 71.9% for 
M and H samples, respectively, in 
comparison to vacuum the AND odour 
(P<0.05). The AND flavour perception was 
reduced 89.9% for M sample and 52.2% for 
H (P<0.05). Vacuum conditions and lower 
temperature used in this treatment (80 ºC) 
involved the increase of volatile compounds 
in samples, increasing the panel AND 
odour and flavour perception. SKA was not 
identified in samples of both AND levels 
and cooking treatments. This is due to 
levels of SKA were lower than the 0.1 ppm 
perception threshold (0.03 and 0.15 ppm for 
M and H respectively). These results are 
slightly higher compared with previous 
researches that reported SKA detection 
threshold reported could vary between 
0.026 and 0.1 µg/g fat (7, 8).  
Juiciness was higher in M loins than in H 
loins, for both cooking treatments (P<0.05). 
This attribute is related with water and fat 
content. Previous studies have reported 
higher fat % with an increase in juiciness 
(9). Castrated pigs had higher levels of fat 
since castration favours intramuscular meat 
fattening (10), which was probably related 




Perception of boar taint (AND odour and 
AND flavour) decreased when frying 
method is used in comparison with vacuum. 
In addition,  meat from animals with higher 
levels of AND (2.49 ppm) was less 
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Abstract- Castration practice in male pigs to 
prevent boar taint is expected to be forbidden 
in Europe by 2018 which make important to 
study some new alternatives to commercialize 
meat from entire male. The levels of 
androstenone in fat from entire males range 
between 0.0 and 5 ppm (exceptionally can be 
higher) and depend primarily on weight, 
stage of maturity and genotype. Sensory 
training from an expert panel to evaluate the 
boar taint perception in entire male pork is 
an important tool to conclude the range of 
sensory boar taint perception once 
considered the different levels in animals in 





Sensory boar taint is widely reported to 
have a distinctive and unpleasant character 
which evokes repulsion and rejection when 
perceived through a combination of odour, 
flavour and taste in pork and pork products 
during cooking and eating (1). Skatole 
(SKA) and androstenone (AND) are the 
main boar taint compounds (2). Whereas 
nearly everybody is sensitive to SKA, the 
sensitivity to AND is genetically 
determined and differs between gender, 
age, and country, among others (3). Thus 
anosmic people, which imply defective or 
missing molecular receptors, is also 
presented in population what is related to 
the OR7D4 human odour receptor (4). 
AND is a pheromone, which is synthesized 
in the boar tests and subsequently released 
into bloodstream. Once androstenone is 
released it can be transported to the salivary 
gland or accumulate in adipose tissue, and 
then in meat (5). Castration of male pigs is 
expected to be forbidden in Europe in the 
future (2018), and it is therefore important 
to find new processing methods for this raw 
material avoiding negative consumer 
reactions. To evaluate the different 
strategies to mask boar taint in meat and 
meat products, sensory analyses is a good 
tool. Currently, the new challenges facing 
the food industry are progressively 
transforming sensory to a more proactive 
role, responsible for generating new product 
ideas based on unique sensory properties or 
unique consumer segments identified only 
through sensory behavior (6). It is a method 
by which a panel uses a developed sensory 
vocabulary to describe perceived sensory 
boar taint characteristics in meat products 
(7). The resultant profiles are perceptual 
maps of the variation in a sample type that 
can be employed alone or in combination 
with chemical/instrumental measurements 
and potentially consumer studies in the 
explanation and elucidation of underlying 
predictive and causal relationships (7). A 
correct training of the panel is determinant 
to carry out any study in this sense. So, the 
aim of this study is to verify a preliminary 
protocol to select and train a panel to detect 
AND. 
 
II. MATERIAL AND METHODS  
Samples preparation 
Sensory analyses were performed, 
according to the international standards (8) 
in a sensory evaluation laboratory. For 
preparing the AND solutions, AND (5α-
androst-16-en-3-one, Sigma A8008) and 
SKA (3-methylindole, Aldrich M51458) 
were diluted in vaseline oil (Panreac). From 
this one, different dilutions on vaseline oil 
were done (0.2-2 ppm). For different tests, 
37 ml of each solution was presented in 
amber glass bottles, at 35 ºC (9) Samples 
were coded with random three-digit 
numbers. For the selection of panel and 
training, five tests were done. 
Selection of sensory panelists 
Seventeen people belonging to two 
different Research Centres (University of 
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Murcia and Instituto Tecnológico Agrario 
de Castilla y León) were recruited internally 
trough a smell test of pure AND and SKA. 
The potential candidates were required to 
recognize both, odours with unpleasant 
sensation. 
Descriptors 
In the first session, smell and flavour 
descriptors and their relationship with AND 
and SKA were studied of two solutions of 
1.5 ppm AND and 0.5 ppm SKA in 
vaseline oil. Anosmic candidates were 
rejected. 
Identification 
A selection was made of judges who were 
among those able to distinguish between 
AND, SKA and AND + SKA. For that 
solutions of 1.5 ppm AND and 0.1 SKA 
were used. Ten bottles were presented to 
each panellist. Five were identificated, and 
the other five, that were their replicate, had 
a three digit number. Each panelist had to 
mach the bottles with the same content 
(AND, SKA or AND + SKA). 
Threshold test 
Panellist had to order different AND 
solution from minor to maxime AND 
concentration, from two different ranges. 
a-Solution from medium range: 0.4 ppm, 
0.7 ppm, 0.9 ppm, 1.2 ppm. 
b-Solution from high range: 0.8 ppm, 1.2 
ppm, 1.6 ppm, 2.0 ppm 
Classification 
Panelist have to fix levels of AND in a 
scale, so they have to classify in three 
groups: low (0 y 0.2 ppm), medium (0.4-0.8 
ppm) and high (1-1.8 ppm).  
a. Solutions 0 ppm, 0.2 ppm, 0.7 ppm, 
0.8 ppm, 1.6 ppm, 2.0 ppm. 
b. Solutions 0 ppm, 0.2 ppm, 0.4 ppm, 
0.7 ppm, 1.5 ppm, 1.8 ppm. 
 
In addition, for each test, a panelist was 
considered as trained when the percentage 
of corrects responses is up 70% for 
identification, threshold and classification 
test. Each test was done by duplicate in 
different combination, and each one of this 
was repeated four times. 
 
III. RESULTS AND DISCUSION 
 
In the selection phase, 11 panelists were 
chosen from 17 initial people, which were 
sensible to AND and SKA (pure form). It is 
estimated that the percentage of sensitive 
consumer for AND is Spain is between 
30.9-47.5% (10). In this study the 
percentage of sensitive people was higher 
(64.7%). Table 1 presents results from 
AND and SKA descriptor. They are similar 
to those presented by Dijksterhuis et al. 
(11), who described that androstenone was 
found to relate mostly to the urine attribute, 
while skatole related mostly to manure and, 
to a lesser extent, to naphthalene. 
Sometimes there are  differences between 
panels, apparently literally translated terms 
clearly had different meanings in different 
languages, or were not applicable to meat 
products in some languages. In addition, 
differences between countries' panels are to 
be expected because the panelists come 
from different cultures with respect to 
eating and liking of fresh and processed pig 
meat.  
Table 1. Descriptor given for androstenone 
(AND) and skatole (SKA) 
AND SKA 
Old urine Naphthalene 
Pig male Urine 
Penetrating/pungent odor Feces/manure 
Spicy odour in nose Farm or block 
Sweat - 
Table 2. Percentage of correct responses for 
three tests: Identification, Threshold and 
Classification of training panel for AND 
perception. 
Panelist Identification Threshold Classification 
  1 2 1 2 1 2 
1 93.7 70.0 75.0 84.4 93.7 70.8 
2 56.2 57.5 59.4 59.4 100.0 79.2 
3 75.0 75.0 75.0 78.1 81.2 75.0 
4 87.5 70.0 78.1 78.1 100.0 83.3 
5 50.0 50.0 50.0 46.9 87.5 75.0 
6 75.0 75.0 78.1 75.0 100.0 83.3 
7 100.0 80.0 78.1 78.1 93.7 79.2 
8 68.7 70.0 75.0 75.0 100.0 87.5 
9 88.2 87.5 87.0 75.0 83.3 83.3 
10 70.6 71.8 75.0 75.0 70.8 83.3 
11 70.6 81.2 87.0 75.0 83.3 70.8 
Total  76.0 71.6 74.3 72.7 90.3 79.2 
 
Table 2 shows the results of correct 
percentage of sample for each panelist in 
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the identification, threshold and 
classification test. When panelist have 
defined the terms to each component, is 
important to test that they are able to 
discriminate between AND and SKA. Some 
studies have described that there was an 
interaction between them, so is important 
that all panelists may differentiate among 
them. The final aimof the threshold test is 
to determine the range of perception of 
AND. Panelist 2 and 5 have percentage of 
correct answer below the 70% for 
identification and threshold tests. However, 
panelists 2 and 5 improved their percentage 
of corrects answers during training. In the 
last test (classification of AND levels), they 
reached 100 and 79.2 %, and 87.5 and 75 % 
of correct responses, respectively. 
Classification tests help to fix the range of 
AND in three levels: low (0 - 0.2 ppm), 
medium (0.4-0.8 ppm) and high (1-1.8 
ppm). This will enable that in the future 
analyses on meat and meat product, judges 
should be able determine the levels of 
AND. At the final of the training, all 
panelists had more than 70% of correct 
responses, as is described in UNE 87 024-1 
(12), so the eleven candidates passed the 
training stage. However authors consider 
that further studies are necessary in this 
sense since other statistical ways such as 
Chi-square test could be useful to evaluate 




First selection of panelist with pure AND 
and SKA is a fast and effective option. It is 
important to define differences between 
AND and SKA in vocabulary descriptor, to 
help their combination. During training is 
possible to improve AND detection. This 
training method could be useful to work in 
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The study was carried out in two commercial 
abattoirs of North Patagonia during lambs slaughter 
season. 5 batches of 20 lambs were studied in each 
slaughterhouse to assess the well-being of animals 
slaughtered in these plants and its effect on meat 
quality. Blood samples from each animal were taken 
before slaughter to assess concentration of 
physiological indicators of stress. Ultimate meat pH 
was recorded from each carcass and 60 carcasses 
were selected to evaluate other meat quality traits. 
The concentration of physiological indicators of stress 
founded was higher than those reported in a previous 
study on animals exposed to different pre-slaughter 
stressor and slaughtered under controlled conditions. 
Thus, it could conclude that in commercial systems 
animals are exposed to a variety of stressful 
conditions and that some synergism among them can 
occur. Meat quality parameters also differed, being 
meat of commercial abattoirs of inferior quality. 
Lairage time was related neither to physiological 
indicator's levels nor to meat pH values. 
Keywords—Meat quality, Lambs, Pre-Slaughter 
Stress, Commercial abattoirs. 
 
I. INTRODUCTION 
Pre-slaughter handling of animals is included in 
the group of animal-human interaction which 
generates stress in livestock (1). Among them are 
long periods of starvation, mixture of different 
social groups, inappropriate loading and unloading 
and bad handling at the abattoir. There is evidence 
that the above mentioned conditions can also affect 
the process of transformation of muscle in meat, 
downgrading its quality (2, 3). The aim of the 
study was to assess, through physiological 
metabolites, the animal welfare of Merino lambs 
slaughtered in slaughterhouses of North of the 
Patagonia Argentina and assess values of meat 
quality traits of these animals. 
 
II. MATERIALS AND METHODS 
In December and January of two consecutive years 
data was collected in two slaughterhouses (A and 
B) of North Patagonia (Río Negro Province). Both 
of them are qualified by the National Service of 
Food and Agriculture Health (SENASA) to supply 
meat along the national territory. In each 
slaughterhouse a total of 5 batches of Merino 
lambs of approximately 3 months of age were 
chosen. Each batch of lambs was of the same age 
and origin and had been transported and handled in 
the slaughterhouse all together. The time of lairage 
in holding pens was registered, but information on 
transportation time could not be obtained. Twenty 
lambs were selected at random from each batch 
and were used for further sampling. 
While animals were in the holding pens blood 
samples were collected via jugular venipuncture to 
determine urea (commercial kit, Wiener, 
Argentina) and cortisol (ELISA method, kit 
Diagnostic Systems laboratories, USA). 
Muscle pH was measured 24 h post mortem (pHu) 
in LongissimusDorsis (LD) muscle with a pHmeter 
(Testo 230, BA, Argentina) according to the 
methodology suggested by Garrido et al. (2005) 
(4). All carcasses (20 per batch) were ordered 
according to pHu values and 3 groups were 
formed: high, medium and low pH. Two carcasses 
were randomly selected from each group. In this 
way, 60 carcasses were selected, 6 from each 
batch. Instrumental colour (L*, a* and b*) was 
measured according to the methodology suggested 
by Albertí et al. (2005) (5) using a Minolta CR-400 
colorimeter (Konica Minolta Sensing, Inc., Bergen, 
NJ, USA) with D65 illuminantand an 8-mm 
aperture. Each muscle was allowed to bloom for 30 
min at 2 ± 1 °C before colour measurement. Colour 
variation (∆E) was calculated as follows:
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were ref is a meat sample used as reference. Water 
holding capacity (WHC) of LD was determined 24 
h post mortem according to the compression 
method described by Pla Torres (2005) (6). The 
longisimusdorsis (thoracic) was removed from the 
5° to the 13° thoracic vertebrae, vacuum packed 
and kept at 4°C for three days. Samples were kept 
at -20°C pending for analysis. Instrumental 
tenderness was determined with a Warner-Bratzler 
shear force (WBSF) device (G-R Electric 
Manufacturing Co., Manhattan, KS 66502, USA). 
Previously muscles were thawed at 4° for 24 h and 
cooked in an electric grill until the centre of the 
samples reached 71 ± 0.5 °C. WBSF was 
determined following the general guidelines 
established by AMSA.
 
A descriptive statistical analysis was performed. 
Then, means differences between slaughterhouses 
were evaluated through analysis of variance using 
PROC MIXED procedure of SAS v.8 statistical 
package. Factorial Discriminant Analysis (FDA) 
was done with the purpose of considering jointly 
all variables, keeping the groups structure defined 
by batch (PROC CANDISC procedure of SAS). 
 
III. RESULTS AND DISCUSSION 
Mean ± standard deviation of lairage time 
registered was 28.2 ± 16.5 h. The great variability 
in this value was originated by a batch which was 
subjected to 62 h of lairage. Others batches were 
subject to a lairage from 12 to 44 h. Mean values 
of blood parameters and meat quality traits are 
shown in Table 1. No significant differences on 
urea concentration were found between 
slaughterhouses. The mean urea value found was 
0.23 g/L (n=189). This value is greater than the 
one reported by Zimerman et al. (2013) (7) on 
lambs fasted 24 h.: 0.19 g/L. The 90% of studied 
batches show greater values than those reported by 
these authors. These results would be an indicator 
of protein catabolism was produced for a long 
period of fasting (8, 9). 
The mean value of cortisol (CORT) found was 
13.5 µg/dL (n=155). This value is greater than 
those reported by Zimerman et al. (2013) (7) on 
lambs fasted or expose to fear (presence of dogs 
barking): 9.5 µg/dL. The 90% of studied batches 
show greater values of CORT than those reported 
by the above mentioned authors. Barrientos et al. 
(2006) also reported higher values of CORT in 
sheep slaughtered in commercial slaughterhouses 
compared to those slaughtered under experimental 
conditions. CORT values found in the present 
study were higher than those found by Tadich et al. 
(2009) (11), and similar to those reported by Apple 
et al. (1995) (12) in one of its groups of animals. In 
the present study no relationship was observed 
between lairage time and plasma CORT 
concentration contrary to reported by Tadich et al. 
(2009) (11) and Knowles et al. (1993) (13). 
 
Table 1. Mean values (standard deviation) with sample 
sizes in italics, of physiological indicators of stress and 
meat quality traits of lambs slaughtered in two 
commercial plants. 
  Slaughterhouse 
P-
value 








12.67 (9.67) 60 13.96 (9.29) 95 0.75
1 
pHu 5.94 (0.24) 96 5.76 (0.22) 100 0.03
0 
L* 35.92 (3.47) 30 37.81 (3.35) 30 0.17
2 
a* 17.16 (2.32) 30 17.68 (1.94) 30 0.46
1 








21.94 (5.87) 30 27.34 (6.62) 30 0.03
6 
Withregard to meat quality traits, there was a 
significant difference between slaughterhouses on 
pHu values. In both cases, the values found 
exceeded those reported by Zimerman et al. (2013) 
(7) in not stressed lambs, but in one case, values 
exceed those found by the same authors in feared 
animals. There was a great variability in pHu 
values in the meat of animals slaughtered in 
commercial plants. Therefore animals slaughtered 
in slaughterhouses produce carcass with 
heterogeneous pHu values compared with those 
slaughtered in experimental and controlled 
conditions. pHu= 6.0 is considered the lower limit 
to obtain DFD (dark, firm, dry) meat and 21.6% of 
carcass exceeded this value. This proportion is 
higher than that found in quality audits of sheep 
meat chain in Uruguay on 2002 - 2003 and on 
2007-2008 (14, 15). Also this proportion exceeds 
that reported by Thatcher and Plant (1988) (16). It 
is interesting to know that all batches had a 
significant proportion of carcass with pHu higher 
than 6.0 (Fig 1). There was no significant 
difference on meat colour parameters between 
slaughterhouses. The values found were lower than 
those reported by Zimerman et al. (2013) (7) in no 
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stressed lambs slaughtered under experimental 
conditions. The values of L*, a* and b* found in 
this study were similar to  those reported in similar 
age and weight lambs (12, 17, 18, 13). ∆E was 
calculated between mean colour values obtained in 
both slaughterhouses and meat colour value 
obtained on no stressed lambs by Zimerman et al. 
(2013) (7) as reference. The value obtained was 
5.4. ∆E value between 3 and 6 is detectable by the 
human eye (19, 20). Therefore colour differences 
between the considered samples are perceptible by 
the human eye. When comparing meat colour of 
lambs slaughtered in commercial plants with those 
obtained from the lambs subjected to fear 
treatment (7), the ∆E value obtained was 2.10. 
Thus, differences in meat colour of these groups of 
samples were not detectable by human eye. No 
significant differences on WHC were found 
between slaughterhouses. The mean WHC value 
found was lower than those reported by Zimerman 
et al. (2013) (7) on no stressed lambs. Similar 
values were reported by Vergara et al. (1999) (21) 
and Beriain et al. (2000) (22). Lower values were 
reported by Sañudo et al. (1996) (23) and Sañudo 
et al. (2000) (24) and higher values by Santos-
Silva et al. (2003) (18). Significant differences on 
WBSF were found between slaughterhouses. 
Values found in this study were similar to those 
reported by Zimerman et al. (2013) (7) in 
nostressed lambs. According to Bickerstaffe et al. 
(1996) (25) the Australian and New Zealand meat 
industry, the acceptable limit of tenderness in 
lambs is set in less than 3 kg (29.4 N) value 
measured with WBSF. 78.3% of carcass from the 
present study showed lowest WBSF values.  
 
 
Figure 1.Frequency of carcasses according to pHu 
grouped by batch (%). 
 
The factorial discriminant analysis (Figure 2) 
shows differences between batch of both 
slaughterhouses (Hypothesis test of Lambda de 
Wilks: p≤0.0001).  
This analysis identifies which of the traits 
contributed more in the differentiation of the 
batches. The contribution of each variable to the 
canonical axes was estimated by Pearson´s 
correlation coefficients between the original 
variables and each canonical variable.The first 
canonical axis separates batch from the two 
slaughterhouses studied. Even when the correlation 
coefficients of the traits with this axis were 
intermediate, the traits that showed the greater 
values are b* (0.44), pHu (0.38), UREA (0.34) and 
WBSF with opposite sign (-0.36), all of them were 
significant (p<0.05). Concentration of urea showed 
a high and significant correlation with axis 2 
(0.90), which is the trait that makes batch 5 the 
most differentiated from the rest. From Fig 2 it is 
observed that batches of slaughterhouse B are 
more homogeneous than slaughterhouse A, taken 




Figure 2. First factorial plane of AFD of lambs 
slaughtered in commercial plants. The points represent 
the average of batches (with indication of its standard 
deviation). Percentages of inertia between groups 





Results obtained in the present experiment indicate 
that conditions of handling of lambs in the 
slaughterhouses studied, estimated by some blood 
parameters, are more stressful than those reported 
elsewhere. Results obtained in the present work 
also had more variability than those previously 
obtained under experimental conditions (7). There 
was a relevant proportion (21.6 %) of carcasses 
with pHu values higher than 6. Meat from 
slaughterhouses was darker (lower L*), had less 
saturation of red and yellow (lower a* and b*) and 
higher WHC than meat obtained under 
experimental conditions (7). Nevertheless 
tenderness didn’t differ between commercial and 
experimental meat. 
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It should be emphasized the great variability in 
cortisol values between batches which was not 
found in a previous study under controlled pre-
slaughter stressing conditions (7). Different 
conditions, other than lairage time, that were not 
taken into account in this study may be responsible 
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Abstract – The aim of this work was to identify 
physiological, biochemical and proteomic 
biomarkers to assess the individual response to 
slaughter stress of pigs of different sex (male 
“M”/female “F”) and halothane genotype (NN/Nn). 
Forty-eight pigs were reared simulating 
commercial conditions and distributed in four 
treatments (M-NN, M-Nn, F-NN, F-Nn). At 
slaughter, blood samples were taken for 
biochemical analysis. Carcass and meat quality 
traits (pH, skin lesions, electrical conductivity, 
color, drip loss, toughness) were measured and 
muscle samples were taken for SDS-PAGE 
proteomic analysis. There was a significant effect 
of sex and genotype on animals’ susceptibility to 
stress. These differences could be monitored by 
using some physiological, biochemical and 
proteomic biomarkers related to muscle fiber 




The welfare status of farm animals is becoming 
an important aspect of overall food quality from 
the consumer point of view. However, animal 
welfare assessment is not a simple issue and 
requires a multi-criteria approach. 
This study was performed within the 
ANEMOMA project, which addresses the 
demand for improved knowledge on animal 
welfare in pigs, its relationship with meat quality 
and the identification of novel animal-based 
biomarkers of stress.  
Previous studies have shown that sex (male 
“M”/female “F”) and halothane gene mutation 
(NN/Nn) may influence the post mortem process 
of muscle-to-meat conversion [1, 2]. Moreover, 
these factors could be influenced by the 
individual animal susceptibility to ante and peri 
mortem stress.  
The objective of this work was to identify 
physiological, biochemical and proteomic 
biomarkers to assess the individual response to 
slaughter stress of pigs of different sex (M/F) 
and halothane genotype (NN/Nn).  
 
II. MATERIALS AND METHODS 
 
Animals and Samples 
Forty-eight [(Large White x Landrace) x Pietrain] 
pigs were reared in the experimental farm of 
IRTA in Monells (Girona, Spain), simulating 
commercial conditions. Animals were 
distributed in groups of 6 pigs per pen, 
corresponding to four treatments (M-NN, M-Nn, 
F-NN, F-Nn) in duplicate. There were two 
slaughter batches, in two consecutive weeks, 
including 24 animals per day. In the slaughter 
day they were transported using a lorry from the 
farm to the experimental abattoir in IRTA 
Monells, lasting for less than 10 minutes. Four 
pigs from two different groups were transported 
per trip without mixing groups, they were 
located in the lairage pens maintaining the 
groups, and after 30 minutes they were 
slaughtered. At slaughter, blood samples were 
taken for biochemical analysis. Serum was 
obtained after centrifugation at 3000 rpm 10 min. 
Metabolites analyzed were glucose, lactate, urea, 
creatinine, total protein, lipid metabolism 
markers (triglycerides (TGs), total cholesterol 
(Chol), HDL-cholesterol, LDL-cholesterol, non-
esterified fatty acids (NEFAs) and beta-
hydroxybutyrate (BHB)); acute phase proteins 
(haptoglobin (Hp), C-reactive protein (CRP) and 
Pig-MAP); skeletal muscle marker (creatine 
kinase (CK)); redox marker (glutathione 
peroxidase (GPx)); and cortisol. All parameters 
were determined by spectrophotometric 
techniques in the analyzer Olympus AU400, 
with the exception of Pig-MAP and cortisol, 
which were determined by ELISA. 
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The left side of each carcass was used to assess 
meat quality. Then, pH was measured at 45 
minutes (pH45) and at 24 hours (pH24) post 
mortem on the Semimembranosus (SM) and 
Longissimus dorsi (LD) muscles, using a Crison 
portable pHmeter equipped with a xerolyt 
electrode. Also, electrical conductivity (EC) was 
measured at 45 minutes post mortem on the SM 
and LD using a Pork Quality Meter (PQM-I, 
INTEK Aichach).  
The skin lesions in each animal were assessed 
using the Welfare Quality® protocol [3], 
considering 5 regions on the carcass and values 
of 0 (<2 lesions in all regions), 1 (2-10) and 2 
(>10). 
Meat color measurements (L*, a*, b*) were 
taken at 24 h post mortem on the exposed cut 
surface of the muscle at the last rib level, after 
15 minutes blooming, using a Colorimeter 
Minolta CR-400 in the CIELAB space.  
Meat drip loss (% exudates) was determined by 
duplicate on 25 mm diameter fresh samples 
taken from the LD muscle at 24 h post mortem 
and placed on a special container (Meat juice 
collector, Sarstedt), according to the method of 
Rasmussen and Andersson [4], with small 
modifications.  
Meat samples (20 g) were taken from the LD 
muscle immediately after slaughter for analysis 
of electrophoretic protein profile of sarcoplasmic 
extracts by SDS-PAGE. Proteins were extracted 
and quantified following the method described 
by Jia et al. [5]. Stained gel images were 
captured using the UMAX ImageScanner 
(Amersham Biosciences) and the protein bands 
were quantified with the ImageMaster software. 
The protein spots of interest were manually 
excised from gels and analyzed with a 4800 
Proteomics Analyzer MALDI-TOF/TOF mass 
spectrometer (ABSciex).  
Instrumental texture was determined in LD 
samples by using the Warner Bratzler test, 
obtaining the shear force. Samples were vacuum 
packaged at 24 hours post mortem and stored at 
4ºC, and they were frozen (-20ºC) at 1, 3 and 5 
days post mortem to allow muscle tenderization. 
Each sample was thawed overnight, cooked in 
an oven until a core temperature of 71ºC, and 
then 5 subsamples were obtained by using a 
perforating punch. They were individually 
analyzed in the texturometer and the mean value 
of each sample was calculated. 
 
Statistical Analysis 
The effect of sex (M/F) and genotype (NN/Nn) 
on carcass and meat quality traits, blood 
biochemical and muscle proteomic variables was 
analyzed by Analysis of Variance (ANOVA) 
using the General Linear Model (GLM) 
procedure of SPSS (v 15.0 2006, SPSS Inc). The 
model included sex, genotype and its interaction 
as fixed factors and slaughter day as random 
factor.  
Also, multivariate analysis (PCA) was 
performed with XLStat (XLStat, 2013) in order 
to study the complex relationships between meat 
quality and physiological, biochemical and 
proteomic variables. 
 
III. RESULTS AND DISCUSSION 
 
Carcass and meat quality 
Females showed a lower muscle pH (Table 1), 
being the difference significant at 45 min post 
mortem in LD muscle (6.23 vs 6.39, females vs 
males, p<0.01) and at 24 h post mortem in SM 
muscle (5.45 vs 5.50, females vs males, p<0.05). 
Meat from females showed also significantly 
higher values of EC in the SM than males (7.61 
vs 5.69, p<0.01). 
Table 1 Effect of sex (S) and genotype (G) and its 
interaction (SxG) on carcass and meat quality traits. 
 Effect 
 S G SxG 
Temperature (ºC) NS NS NS 
Skin lesions NS NS NS 
pH45LD ** *** NS 
pH45SM NS *** NS 
pH24LD NS NS NS 
pH24SM * NS NS 
EC-LD (mS) NS * NS 
EC-SM (mS) ** * NS 
Drip loss (%) NS *** NS 
L* NS NS NS 
a* NS ** * 
b* NS NS * 
Shear force (WB,kg) 1 day NS * NS 
Shear force (WB,kg) 3 days NS ** NS 
Shear force (WB,kg) 5 days NS *** NS 
 
Furthermore, it seems that the post mortem pH 
decline was faster in animals heterozygous for 
the halothane mutation (Nn), that showed 
significantly (p<0.001) lower pH at 45 min in 
both studied muscles. Also, Nn animals 
produced more exudative (higher EC and drip 
loss) and tougher meat (higher WB, reduced 
meat tenderization) (Table 1). Regarding 
instrumental color, the variable L* did not show 
any significant difference for the analyzed 
factors. Nevertheless, there was a significant 
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interaction Sex x Genotype (SxG) for some meat 
color traits (a*, b*). 
 
Blood biochemical variables 
Sex affected significantly some blood 
metabolites. In general, females showed higher 
levels than males of glucose (358.5 vs 308.4 
mg/dL, p<0.05), urea (35.30 vs 26.20 mg/dL, 
p<0.001), CRP (11.49 vs 7.20 µg/mL, p<0.05), 
Pig-MAP (0.84 vs 0.60 mg/mL, p<0.01) and 
GPx (11600 vs 8589 U/L, p<0.01) and lower of 
lactate (8.93 vs 10.49 mmol/L, p<0.05). When 
looking to differences between groups (Figure 1), 
it is worthwhile to mention that increased urea 
concentration in females was consistent in both 
NN and Nn groups, suggesting a faster 
catabolism of proteins, maybe associated to 
higher stress susceptibility. 
Figure 1. Urea blood levels in the four studied 
treatments (M: male, F: female, NN: homozygous, 
Nn: heterozygous). 
 
Genotype affected significantly CK (3696 vs 
1909 U/L, Nn vs NN, p<0.001), creatinine (2.04 
vs 1.94 mg/dL, Nn vs NN, p<0.05), CRP (11.20 
vs 4.79 µg/mL, Nn vs NN, p<0.05), Pig-MAP 
(0.65 vs 0.79, Nn vs NN, p<0.05) and GPx 
(11385 vs 8763 U/L, NN vs Nn, p<0.01). 
Heterozygous (Nn) showing higher CK activity 
(Figure 2) indicates a higher susceptibility to 
muscular lesions, and higher CRP concentration 
indicates higher stress level and subsequent 
inflammation. On the other side, the higher GPx 
activity in homozygous (NN), especially in 
females (there was significant SxG interaction, 
p<0.01) suggests more potent antioxidant 




Figure 2. CK blood levels in the four studied 
treatments (M: male, F: female, NN: homozygous, 
Nn: heterozygous). 
Figure 3. GPx blood levels in the four studied 




A total of 26 protein bands were differentiated 
by SDS-PAGE gels in this study (Figure 4). 
Table 2 shows noticeable bands for which there 
were significant differences between treatments 
 
Figure 4. SDS-PAGE gel image of sarcoplasmic 
extracts of LD muscle. Bands names are denoted by S 
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Table 2 Effect of sex (S) and genotype (G) and its 
interaction (SxG) on noticeable proteins of the 
muscle extracts 
 Effect 
 S G SxG 
S2-Myosin-binding protein C fast type  * * NS 
S6-Muscle 6-phosphofructokinase ** NS NS 
S9-Albumin, partial NS NS ** 
S18-Glyceraldehyde-3-phosphate 
dehydrogenase “GAPDH” 
NS ** NS 
S23-Beta-enolase NS * NS 
S24-Carbonic anhydrase 3 NS * NS 
Sex affected significantly the presence of S2 
(myosin-binding protein C fast type, p<0.05), 
that showed higher values in the muscle extracts 
from females, and S6 (muscle-6-
phosphofructokinase, p<0.01), with lower values 
in females. These results reflect the effect of 
gender on the fiber composition of skeletal 
muscle and on the post mortem glycolytic 
pathway.  
Genotype affected the presence of four proteins, 
with lower S2 (myosin-binding protein C fast 
type, p<0.05), S18 (glyceraldehyde-3-phosphate 
dehydrogenase “GAPDH”, p<0.01) and S24 
(carbonic anhydrase, p<0.05) and higher S23 
(beta-enolase, p<0.05) in Nn genotype, which 
could imply differences in fiber composition and 




PC1 and PC2 explained 39% of the variability of 
data (Figure 5).  
Figure 5. PCA biplot of main meat quality traits and 
stress biomarkers. 
PC1 distinguished in the right side exudative 
(higher drip and EC) and tougher meat (higher 
WB), obtained from Nn animals, that showed 
higher levels of creatinine and CK in blood and 
beta-enolase (S23) in muscle. Also, higher skin 
lesions and post mortem carcass temperature 
characterized these samples, which seem to 
indicate higher peri mortem stress. In the 
opposite side of PC1, meat from NN genotype 
showed slower rate of pH decline (higher pH-45) 
and higher muscle levels of GAPDH (S18) and 
carbonic anhydrase (S24). 
PC2 distinguished in the positive side meat from 
females, with higher blood levels of GPx, urea, 
Pig-MAP and CRP at slaughter, variables 
indicating an inflammatory and antioxidant 




The results of this study showed that sex and 
genotype affected stress biomarkers in pigs. In 
general, females and animals heterozygous for 
the halothane mutation (Nn) showed higher 
susceptibility to stress. These differences could 
be monitored by using some physiological, 
biochemical and proteomic biomarkers related to 
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Abstract – The physical structure, sanitary-hygienic 
practices and microbiological parameters of pork 
slaughterhouses were assessed. Five slaughterhouses in 
the state of Paraíba, Brazil, were inspected, using a 
checklist and were classified into group I (low risk), II 
(intermediate risk) and III (high risk). The 
microorganisms investigated were: total and faecal 
coliforms (in water); total and faecal coliforms, 
mesophilic aerobic bacteria, Staphylococcus aureus (in 
carcasses, handlers’ hands and knives), and presence 
of Salmonella sp. (only in carcasses). All the 
slaughterhouses were classified in Group III (high 
risk). Although there are differences between 
slaughterhouses and collection points contamination 
levels above permitted levels for all analyses were 
observed, Salmonella was present in 12% of carcasses 
evaluated. Contamination of water and knives 
suggested cross-contamination. The high levels of 
microbiological contamination of water, carcasses, 
knives and handlers’ hands compromise the food 




In Brazil, about 34.3 million heads of pigs are 
officially slaughtered. From this total, 29.1 million 
are monitored through the Federal Inspection Service 
(SIF) and the others (5.2 million) are submitted to 
other certifications that keep decreasing in recent 
years [1]. In turn, the production of pigs in 
northeastern Brazil is aimed at local consumption, 
with animals being slaughtered concomitant with 
other species in small local slaughterhouses. 
In recent years, there has been an increasing interest 
in the pork market in Northeast Brazil. The increase 
in purchasing power (income) and the fact that this 
region has the second largest population (53 million) 
in the country have been identified as major factors 
to raise the domestic per capita pork consumption, 
with positive impact on the chain production. 
Considering these aspects, issues related to food 
quality and safety must be considered. 
According to Alban et al. [2], the fundamental 
principle to control microbial contamination in pork 
carcasses is based on hygienic and sanitary processes 
during slaughter and technologies and procedures 
used in order to minimize the microbial load of the 
final product. 
Studies recently carried out indicate that the 
slaughterhouse environment contributes to the 
contamination of pork carcasses. According to Buncic 
et al, [3] and Bello et al. [4] during slaughter, not 
only pork carcasses are infected with Salmonella, but 
cross-contamination of the environment and other 
animals also occur, indicating inefficient hygienic 
practices. In turn, high total and faecal coliform, 
mesophilic aerobic bacteria and Staphylococcus 
aureus counts are indicators of poor hygiene 
practices in pork slaughterhouses, being responsible 
for numerous reported cases of food poisoning in 
humans [5]. Thus, the aim of this study was to 
evaluate the physical structure, sanitary-hygienic 
practices and microbiological parameters of pork 
slaughterhouses in the state of Paraiba, Brazil. 
 
II. MATERIALS AND METHODS 
 
The survey was conducted in five slaughterhouses in 
the state of Paraiba, (identified as A, B, C, D and E) 
selected according to the proximity of the largest 
pork production region. In each slaughterhouse, 
slaughter was carried out overnight during three 
times a week, with a production of 20 head of pigs / 
day of slaughter. 
To evaluate the physical structure and sanitary-
hygienic practices of slaughterhouses, an in loco 
inspection was performed during the slaughter of 
animals, using a checklist adapted from Matsubara [6] 
taking the Ministério da Agricultura Pecuária e 
Abastecimento (MAPA) recommendations [7][8][9] 
and the Ministry of Health [10][11]. The 81 
attributes were rated as yes (Y) or no (N) and 
according to the percentage compliance with the 
requirements of each item, the slaughterhouses were 
classified into group I (low risk), II (intermediate risk) 
and III (high risk) when they met from 76 to 100%, 
51 to 75% and below 50% of attributes, respectively. 
Slaughterhouses were visited three times. On the last 
visit, sampling was conducted for microbiological 
analysis. 
Microbial analysis was performed on four types of 
samples: supply water of slaughterhouses, surface of 
pork carcasses, handler’s hands and knives used in 
the slaughter of pigs. Microorganisms investigated 
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were: total and faecal coliforms (in water); total and 
faecal coliforms, mesophilic aerobic bacteria and 
Staphylococcus aureus (in carcasses, handler’s hands 
and knives) and Salmonella research was performed 
only in pork carcasses.  
Samples were collected 90 minutes after slaughter. 
At each slaughterhouse, five samples of carcass, 
handler’s hand and knives were collected, totaling 
fifteen samples, with exception of supply water. 
Samples were collected from the surface of carcasses, 
inner face of the handler’s left hand and from both 
sides of knives used during slaughter. Supply water 
was collected at three points in the slaughter area 
using sterile containers. 
To collect each sample, a pair of sterile swabs was 
used. The surface previously delimited with (50 cm2) 
per collection point was rubbed with the aid of swabs 
with ten replicates in the horizontal direction and ten 
in the vertical direction. Then, they were placed in 
flasks containing 10 mL of sterile phosphate buffered 
saline, in accordance with recommendations of ISO 
17604 [12].  
The values of total and faecal coliforms (MPN/mL) 
were obtained by searching a table for the number of 
positive tubes. Mesophilic aerobic bacteria and 
Staphylococcus aureus counts were expressed in 
CFU/cm2 after correction by its dilution factor to 
yield counts as colony forming units per 50 cm2. 
Salmonella was presented as positive percentage for 
the number of samples. According to methodology 
of the American Publication Health Association 
(APHA) [13]. 
For microbiological counts, except for Salmonella, a 
completely randomized design (CRD) with five 
treatments and five replicates was used. The 
statistical interpretation of data was performed using 
analysis of variance (ANOVA) followed by Tukey's 
mean test (p> 0.05). The SAS statistical software 
version 8.2 was used. 
 
III. RESULTS AND DISCUSSION 
 
Physical structure and sanitary-hygienic practices 
of slaughterhouses. Several irregularities in pigsties 
and surroundings were observed, and only 20% of 
slaughterhouses met the current legislation (Table 1). 
In 60% of slaughterhouses, pigs had no health 
certificate. All slaughterhouses were provided of 
arrival and selection pigsties, and about 80% of them 
adopt water diet and fasting in the pre-slaughter 
period. The arrival of pigs in the slaughter line 
without performing ante-mortem inspection, rest and 
water diet, as observed during inspections, it is not 
approved by [7]. 
In the overall evaluation of the checklist (Table 1), 
slaughterhouses reached 20.8% of compliance, on 
average. According to the classification criterion, all 
slaughterhouses were in group III, which provides 
high risk to the safety of meat, and should adopt 
more effective regulations to improve the current 
situation. According to Alban et al. [2] despite 
having common goal, the control system of 
microorganisms of each slaughterhouse must seek 
unique solutions suitable to each specific case. 
 
Table 1. Conformity percentage of attributes from the 
checklists of five slaughterhouses of the state of Paraíba, 
Brazil.  
1SOP: Standard Operating Procedures; 2 Group = I (low risk), 
II (intermediate risk) and III (high risk). CS= Conformity Sun; 
C=Conformity 
 
Microbiological Analyses. The results of total and 
faecal coliform, mesophilic aerobic bacteria, 
Staphylococcus aureus, and Salmonella counts are 
shown in Table 2. The lowest average values for 
these microorganisms were observed for 
slaughterhouse A: 1.64 ± 0.68 log MPN/cm2 for 
total coliform and 1.44 ± 0.45 log MPN/cm2 for the 
faecal coliform. In contrast, slaughterhouses B, C 
and D showed the highest counts, with no 
Blocs/attributes SLAUGHTERHOUSES  





6.3 9.4 6.3 7.8 4.7 22 31.4 
Swinery and 
attachments 
1.6 4.7 4.7 6.3 4.7 14 20.0 
Stunning and 
bleeding 
3.1 3.1 6.3 3.1 3.1 12 17.1 
Slaughter 
room – dirty 
zone 
3.1 3.1 3.1 3.1 3.1 10 14.3 
Slaughter 
room – clean 
zone 





0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Hygiene of 
Employees 




1.6 1.6 1.6 1.6 1.6 05 7.1 
SOP1 control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Waste and 
garbage 
0.0 1.6 0.0 1.6 0.0 02 2.9 
Total score 17.3 26.6 23.6 29.8 17.2 73 - 
Group2 III III III III III - - 
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statistically significant (p <0.05) difference 
between them (Table 2). Matsubara et al. [6] 
evaluated half-carcasses of porks in a 
slaughterhouse under federal inspection in São 
Paulo, Brazil, and found values of 1.93, 1.92 and 
2.15 log CFU/cm2 of total coliforms for leg, chest 
and chin, respectively, which were similar to those 
found in slaughterhouse A.  
For the mesophilic aerobic bacteria count, 
statistical difference (p<0.05) was observed 
between treatments, with higher mean values being 
obtained for slaughterhouses E, 5.13 ±0.78 log 
CFU/cm2), D (4.50 ± 0.80 log CFU/cm2) and A 
(4.49 ± 0.80 log CFU/cm2) (Table 2). The high 
counts found are directly related to unfavorable 
sanitary-hygienic conditions found in 
slaughterhouses, which may indicate high 
contamination levels. It was observed that stunning, 
bleeding and evisceration of animals, in most of 
slaughterhouses, were performed directly on the 
ground or concrete floor.  
The Staphylococcus aureus counts were higher (p> 
0.05) in samples from slaughterhouse C, and 
samples from slaughterhouses B and D and 
between A and E were similar (Table 2). These 
values are greater than 1.39 ± 1.03 log CFU/cm2 
found by Lima et al. [14] evaluating pork carcasses 
after evisceration and sawing.  
 
Table 2. Count (log10) of total and faecal coliforms, 
mesophilic aerobic bacteria, Staphylococcus aureus and 
percentage of positive samples for Salmonella, 
according to the samples obtained from five 

























c±0.7 1.44c±0.5 4.49ab±0.8 3.19c±0.7 05/01     
B 3.02
a±0.7 2.82a±0.8 4.01b±0.9 4.87b±0.8 05/00 
C 3.39
a±0.6 3.11a±0.9 3.96b±0.7 5.75a±0.6 05/01     
D 3.02
a±0.7 2.51ab±0.8 4.50a±0.8 4.84b±0.8 05/00 
E 2.55
b±0.6 2.09b±0.8 5.13a±0.8 3.61c±0.5 05/01     
Means followed by same letters in each column do not differ 
statistically (p < 0.05) by Tukey test. 
1MPN = Most Probable Number; 2CFU = Colony-Forming 
Unit; 3n/p = number/positive number. 
 
Salmonella was present in 12% of the 25 samples 
(Table 2), in slaughterhouses A, C and E, 
Salmonella was found in one of the five carcasses 
analyzed. Carrasco et al. [15] detected the 
occurrence of Salmonella in 24% of pork carcasses 
in slaughterhouses from Santa Catarina, Brazil, and 
according to the authors, contamination in the 
waiting rooms was the most important source of 
infection.  
The result of the most probable number for total 
coliforms showed no difference (p <0.05) between 
samples with the lowest values (1.88 ± 0.46 log 
CFU/cm2) for the supply water of slaughterhouses 
(Table 3). Samulak et al. [16] found an increased 
contamination of bovine carcasses by E. coli after 
the use of non-potable water, and do not 
recommend its use for hygienic practices and 
standard operations in slaughterhouses.  
 
Table 3. Count (log10) of total and fecal coliforms, 
mesophilic aerobic bacteria, Staphylococcus aureus 














Water 1.88c±0.4 1.76b±0.5 UN3 UN3 
Carcass 2.83ab±1.0 2.46a±1.0 4.20b±1.0 4.40ab±1.2 
Knife 3.17a±0.9 2.65a±1.1 4.96a±1.2 4.80a±1.5 
Hands 2.68b±1.0  2.46a±1.1 4.15b±1.1 4.16b±1.3 
Means followed by same letters in each column do not differ 
statistically (p > 0.05) by Tukey test. 
1 MPN/cm2 = Most Probable Number/cm2; 2CFU/cm2 = 
Colony-Forming Unit/cm2; 3UN = Unrealized. 
 
In the faecal coliform counts, carcasses, knives and 
handlers’ hands were more contaminated (p<0.05) 
than water (Table 3). All values found, except for 
the handlers’ hands, were below those found by 
Samulak et al. [16] in evisceration table (4.80 log 
CFU/cm2), handlers’ hand (< 2.48 log CFU/cm2), 
pork carcasses after washing (< 2.48 log CFU/cm2) 
and supply water (3.00 log CFU/cm2). However, 
contamination by faecal coliforms was higher than 
values reported by Matsubara [6], who found 
average values of 1.57, 1.51 and 1.79 log CFU/cm2, 
respectively, for leg, chest and chin. In turn, the 
value of 1.76 ± 0.53 log CFU/cm2 for water does 
not meet recommendations of Ordinance No. 
518/04 of the Ministry of Health [11] and [17] 
which establish the absence of faecal coliforms. 
The mesophilic aerobic bacteria counts for knives 
(4.96 log CFU/cm2) was higher than those found 
for carcasses (4.20 log CFU/cm2) and handlers 
(4.15 log CFU/cm2) (Table 3). In pork carcasses, 
RDC 12/01 of ANVISA [10] does not establish 
standards for aerobic mesophilic bacteria counts, 
but the European legislation [18] establishes values 
of 4.0 log CFU/cm2. Samulak et al. [16] found 
counts of 3.94, 3.15 and <2.0 log CFU/cm2 in 
evisceration table, carcasses and handler’s hands, 
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respectively, in slaughterhouse under State 
Inspection in the State of Paraná, Brazil. 
With respect to Staphylococcus aureus counts 
differences were found (p<0.05) between sample 
types (Table 3). These values were higher than 
those found by Lima et al. [14] in pork carcasses 
after evisceration and sawing (1.39 ± 1.03 log 
CFU/cm2) and by Samulak et al. [16] in 
evisceration table (3.48 log CFU/cm2), carcasses 




According to current laws, the slaughterhouses 
surveyed showed poor physical structure and 
hygiene practices. The high levels of microbiological 
contamination of water, carcasses, knives and 
handlers’ hands compromise the food safety of pork.  
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Abstract – Holstein male calves are traditionally 
destined to beef production in the south of 
Uruguay, previous castration. Bulls could have 
some advantages in growing performance but 
could increase agonistic social interactions and 
affect welfare. A 65 weeks experiment was 
performed to compare social behavior, growing 
performance and carcass and meat quality, 
between Holstein bulls and steers from 229 to 654 
kg. Average weight gain and dressing percentage 
were higher in bulls (43 kg and 3.1%, respectively), 
but bulls had significant higher frequency of 
agonistic behaviour that caused management 
problems. Significant differences were registered 
in meat color and cooking losses between 
treatments, but no differences were found in meat 
tenderness. Luminosity and redness were higher 
in castrated animals, determining a better quality 
of the product. However, yellowness and cooking 
loss were also higher in steers.  
 
1. INTRODUCTION 
In the dairy production region of Uruguay, 
Holstein male calves are traditionally destined 
to beef production. Normally young calves are 
castrated before the fattening period, but entire 
animals could have some advantages in 
growing performance and meat characteristics. 
However, fattening bulls in intensive systems 
could increase agonistic social interactions and 
affect welfare.  
In this context, the main objective of the 
present work, was to compare the growing 
performance, behaviour and meat quality of 
entire or castrated Holstein males, in order to 
evaluate the advantages or disadvantages of 
both animal conditions during the fattening 
period.  
2. MATERIALS AND METHODS 
The experiment was carried out at Las Brujas 
Experimental Centre of the National 
Agricultural Research Institute (INIA) of 
Uruguay (34º40`S lat, 56º20´W, 36m alt). The 
experimental period lasted 434 days. 
2.1. ANIMALS, HOUSING AND FEEDING 
Sixty Holstein males with average live weight 
of 229 Kg, half entire and half castrated, were 
individually identified and randomly divided 
into 6 groups with ten individuals (3 groups of 
entire animals and 3 groups of castrated 
animals).  
At the beginning of the experiment, animals 
were placed at grassland parcels built with 
electric fencing, and the surface was calculated 
depending on the forage offered to reach 8% 
of average live weight per animal. Animals 
were weekly moved to a new parcel. At   day 
125 of the experiment, animals were confined 
in outdoor 21x10m yards, built with electric 
fencing. At day 301 of the experiment, due to 
behaviour problem with bulls, animals were 
moves to grassland parcels in similar 
conditions to the first part of the experiment. 
Pasture offered was a mix of alfalfa (Medicago 
sativa) and dactylis (Dactylis glomerata). 
Animals had access to an automatic water 
trough and free availability of alfalfa hay. 
Three times a day, maize grain and 
commercial concentrate were supplied.  
Calves were weighted every 14 days and food 
intake estimation was done every week. 
2.2. BEHAVIOURAL OBSERVATIONS 
The calves’ behaviour was directly observed 
in two daily three hours turns, three days per 
week, in eight weeks distributed throughout 
the experiment. Twelve people were trained to 
perform the observations. There was one 
observer for each group in each three hours 
turns. Observers were randomly assigned to 
each treatment and timetable every day. Social 
behaviour was continuously recorded, throw 
the items described in table 1. 
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Table 1 - Description of registered social behaviours 
Type Behaviour Description 
Negative 
interaction 
Head pushing (hp) Animal enticed by initial push of head-rush at each other with 
forehead clashing, then push, release, push, etc. 
 
Displacing (dis) 
One calf displacing another, with shoulder, side, flank or rump 
from its standing or lying place. 
Pushing with chest (pwc) 
One calf pushing with the chest to another calf from its standing 
place 
Head Knocking (hk) One calf knocking another with the head in any part of its body 
Sexual 
interaction 
Flhemen (fle) Initiated by olfactory cues followed by the animal inhaling and 
curling its upper lip while raising and extending its neck and 
lower jaw 
Nosing (nos) Sniffing the penile or anal regions of other animals, when it was 
not a “pre-flehmen” behaviour 
Mounting (mou) Calf clasping or  trying to clasp other calves back with both legs 
Positive 
interaction 
Licking a group mate (lic) Calf licking another at any part of its body 
Smelling a group mate (sme) Calf smelling another with contact with its skin  
Scratching with other (swo) Calf scratching with the body of another  calf 
 
2.3. MEAT QUALITY 
Muscle colour was measured on the 
longissimus dorsi (LD) after three days of 
aging at the L*, a* and b*colour spaces, using 
a Minolta C10 colorimeter. Shear force 
(WBSF) was measured at a cooked sample of  
the second LD steak  obtained using Warner 
Bratzler (Model D 2000). Cooking loss was 
determined as the percentage difference 
between the raw steak (pre-cooked weight) 
and its weight after cooking. 
2.4. STATISTICAL ANALYSIS 
Behavioural data were subjected to a variance 
main components analysis in order to find a 
low-dimensional graphical representation, it 
was performed throughout multivariate 
procedure of Infostat. Life weight gain and 
meat characteristics were analyzed with Mixed 
Proc. of SAS. 
3. RESULTS AND DISCUSSION 
3.1GROWING AND BEHAVIOUR 
Growing performance of both treatments was 
different throughout the experiment. 
In the first grassland period (weeks 0 to 16) 
and the confined phase (weeks 16 to 44) there 
was no differences between steers and bulls. In 
the third part when animal were placed at 
grassland again, bulls grow significant more 
than steers. In figure 1 the evolution of 
accumulated live weight gain is presented.  
The best growing results of bulls was expected 
as was described for several authors [1,2 5]. 
However, the differences were shown late in 
the fattening cycle possibly because of 
environmental conditions and behaviour 
problems in bulls groups. Related to this, in 
the confinement period animal had hard 
agonistic interaction, interfering with food 
intake and causing social stress. However, the 
average number of total negative interaction 
did not differ between periods (p=0.2611). 
Analyzing the evolution of weight gain in the 
graph is possible to identify two moments of 
weight loss (wl1 and wl2). Those moments are 
associated to rainy and cold periods, 
promoting the generation of deep muddy soil. 
These conditions cause difficulties for animal 
to access to hay supplier and grain trough and 
generate a very bad condition for resting, 
probably explaining the mentioned results.  
The social agonistic behaviour was 
significantly superior in bulls, as it can be seen 
in the analysis of variance (table 2) and the 
main variance components analysis (fig 1). 
Table 2 – Number of individual interactions (medias for the 3 hours observation turn). 
Treatm
ent 
hp dis fle pwh lic mou sme ags pwc pc swo Pos Neg Sexual 
steers 25,5 13,1 6,0 13,6 18,7 4,9 7,1 7,9 10,0 5,0 10,6 49,9 58,9 15,3 
bulls 28,5 17,8 17,8 18,5 10,2 13,5 5,7 18,1 11,5 18,8 7,2 41,7 90,3 37,1 
P 0,3695 0,0291 <0,0001 0,0642 <0,0001 <0,0001 0,2053 <0,0001 0,332 <0,0001 0,0095 0,0621 <0,0001 <0,0001 
Ref: hk= head knocking  dis=displacing, fle=flemhen, pwh=playing with heads, lic=licking, mou=mounting, sme=smelling a 
group mate, ags=ano-genital smelling, oth=otros, pwc=pushing with chest, hp= head pushing, swo=scraching with other 
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Figure 1 - Average acumulated weight gain for fattening Holstein bulls and steers. 
 
Bulls had higher values of total negative 
interaction and every individual agonistic 
behaviour, except by head knocking. This 
behaviour was the most frequent social 
interaction in both treatments and did not show 
differences between them. 
When animal were placed at grassland again, 
probably due to the increase of space 
availability, the dispersion of the food offered 
and reduction of the duration of aggressions 
and sexual interaction, live weight gain 
increased. As expected, sexual behaviour was 
more frequent in entire animals, although more 
than 15 sexual interaction were registered in 
average, during each observation turn. 
Aggressive and sexual behaviour in males has 
been linked to the production of testosterone 
(Reece, 1990 cited by [3]). The absence of 
testosterone in steers is likely to explain the 
lesser mounting and ano-genital smelling in 
steers than bulls reported in the present study 
and by others [6]. Mounting behaviour in 
steers seems to imply more an agonistic role 
for establishing dominance rather than being 
sexually motivated[3].  
On the other hand, positive interaction were 
more associated to confined period in both 
treatments, a as is displayed in fig 2. This 
situation is probably caused by the reduction 
of space allowance that increases the 
opportunities of social contact.  
 
 
Figure 2 - Main components of variance analisys for social behaviour. 
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3.2. CARCASS AND MEAT QUALITY 
The dressing percent (DP) was 3,1%  higher in 
bulls than in steers. This result is consistent 
that presented by Keane (2003)[1]  This 
research showed that bulls produced 8 kg more 
carcass weight, and had better conformation. 
The data is supported by other studies, where 
bulls have shown heavier cuts and higher 
yields 
As it was expected, meat from steers had 
better colour parameters (L*, a*, b*) than bulls.  
No differences were found in shear force with 
3 days of aging, showing both categories 
acceptable levels of tenderness. This result is 
not concordant with the literature, where bulls 
are tougher than steers. Cooking loss also was 
higher in steers than in bulls (table 3). 








(kgF) L a b (%) 
Steers 53,2 2,85 31,35 20,57 8,88 28 
Bulls 56,3 2,75 27,57 14,43 4,68 19 
p 0,0073 0,6774 <0,0001 <0,0001 <0,0001 <0,0001 
 
4. CONCLUSIONS 
The use of entire animals in Holstein beef 
production, can improve the growing 
performance and the carcass yield. However 
the increase of agonistic behaviour could 
cause stress and become a welfare problem. 
Also the behaviour can cause management 
problems due to fights and traditional electric 
fences are not enough for retaining bulls. For 
both steers and bulls, is possible to obtain 
similar meat quality except for colour that is 
favourable to steers. 
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Abstract - Beef production with Holstein male 
calves is becoming more intensive in Uruguay. The 
new confined systems could improve productivity 
but also could compromise animal welfare. The 
aim of this study was to compare animal welfare 
and productivity of castrated young males reared 
in three different systems. The traditional pastoral 
system was compared with, a confined fattening 
system and an alternative one with confinement 
and 6 diary hours access to pastures. No 
differences were found in weight gain or 
physiologic indicators of stress, but the agonistic 
behaviour increased in the confined fattening 
system. 
INTRODUCTION 
Dairy production is a very important economic 
activity in the south of Uruguay.  The increasing 
cattle stock makes Holstein male calves 
economically available for beef production. In 
dairy production systems, grazing and grain 
supplementation are well known by producers, 
and consequently, some alternatives of calves 
fattening, which combine characteristics of both 
confined and grazing systems are becoming 
more common. The development of alternative 
housing systems for beef production becomes 
more and more important [1].The intensive 
production systems modify animal conditions, 
by reducing their space allowance influencing 
social behaviour [6]. Subsequently, competition 
for resources such as food or attractive resting 
places may cause aggression and social stress 
[11]. Therefore, the objective of this experiment 
was to compare animal welfare and productivity 
of castrated young males reared in three different 
systems. The traditional pastoral system, a 
confined fattening system based on grain and 
hay feeding and an alternative one with 
confinement and 6 diary hours access to 
pastures. 
MATERIALS AND METHODS 
The experiment was carried out at Las Brujas 
Experimental Centre of the National Agricultural 
Research Institute (INIA) of Uruguay (34º40`S 
lat, 56º20´W, 36m alt). The experimental period 
lasted 133 days, from August 4 to December 16 
of 2008.  
ANIMALS AND HOUSING 
Experimental design was established according 
to Manninen et al., (2007) [7]. Forty eight 
Holstein castrated males (mean live weight 
93±20.3 kg), were randomly divided in three 
groups (16 calves each) corresponding to three 
treatments: 
(T1) confined into a 210 square meters yard,  
(T2) confined into a 210 square meters yard with 
six hours of access to grassland,  
(T3) permanent placed at grassland. 
The experimental yards (treatments T1 and T2)  
were outdoor, 21x10m and , built with electric 
fencing. The grassland parcels were also built 
with electric fencing, and the surface was 
calculated depending on the forage offered to 
reach 8% of average live weight per animal. 
Average surface was about 2000 square meters. 
PRODUCTIVE MEASURES 
Animals were individually weighed every two 
weeks. Average daily gain was calculated  for 
each period. Provided feed per group was 
weighed every day and then, food intake of each 
group was weekly measured for hay and grain 
supplement. Pasture intake was calculated as the 
difference between offering (availability at the 
moment of opening a new grazing parcel) and 
remaining (availability at the moment of taking 
out the animals of the parcel) with an standard 
method [8]. 
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Calves interactions were directly observed 
during twelve hours a day (from 7:00 to 19:00), 
three days per week in four weeks distributed 
throughout the experiment (weeks 7, 10, 13 and 
16). Six people were trained to perform the 
behavioural observations, and then, there was 
one observer for each treatment, in three hours 
turns. Observers were randomly assigned to each 
treatment and timetable every day. An 
interaction was considered when physical 
contact between two animals was produced. 
Activities were registered continuously and  they 
are described in Table 1.  




Calf clasping or  trying to clasp 
other calves back with both legs 
Displacing (D) 
One calf displacing another, with 
shoulder, side, flank or rump from 
its standing or lying place. 
Pushing with chest 
(P) 
One calf pushing with the chest to 
another calf from its standing place 
Head Knocking (H) 
One calf knocking another with the 
head in any part of its body 
Licking a group 
mate(L) 
Calf licking another at any part of 
its body 
Smelling a group 
mate (S) 
Calf smelling another with contact 
with its skin  
Scratching with 
other (SO) 
Calf scratching with the body of 
another  calf 
Complementary, two new variables were 
created: positive interactions (PI) by integrating 
all non-agonistic social behaviour (L, S and SO) 
and negative interaction (NI) by integrating all 
agonistic social behaviour (M, D, P, and H). 
CORTISOL AND BIOCHEMICAL PROFILE 
Nearby the end of the experiment (day 120), 
eight animals were randomly chosen from each 
group and blood samples were taken from 
jugular vein puncture. Cortisol concentrations 
were determined by a direct solid-phase 
radioimmunoassay (RIA). In addition, twelve 
biochemical parameters were determined by 
IDEXX VetTest® Chemistry Analizer: Alanine 
Trasnpherase (ALT), Alkaline Phosphatase 
(ALKP), Gamma Glutamine Transferase (GGT), 
Albumine (ALB), Glucose (GLU), Total Protein 
(TP),  Urea (BUN), Total Bilirubine (TBIL), 
Creatinine Kinase (CK), Calcium (Ca), 
Phosphates (PHOS),  Globuline (GLOB). 
STATISTICAL ANALYSIS 
Data were analyzed by the Statistical Analysis 
System package (SAS, 2008). Live weight was 
analyzed using the Mixed Procedure (PROC 
MIXED) with repeated measures, with initial 
weight as a covariate. Tukey-Kramer 
adjustments were used for post-hoc comparisons. 
Data from cortisol and the biochemical profile 
were transformed throw LN(1+value) in order to 
normalize residual errors and variance analyzed 
by a General Linear Model Procedure (PROC 
GLM). Interactions between animals were 
expressed as a count and logarithmic 
transformation (Ln) and analyzed using the 
Mixed Procedure (PROC MIXED). 
RESULTS 
PRODUCTIVE MEASURES 
Figure 1 shows average live weight evolution for 
each treatment. Live weight (LW) did not differ 
between Treatments for the period studied 
(P=0.6842) and its evolution was similar for the 
three treatments (Figure1). Average daily gain 
(ADG) was 0.756±0.829, 0.757±0.676 and 
0.730±0.762 kg/day for T1, T2 and T3 
respectively (p=0.1254).  
 
Figure 1 – Live weight evolution (kg) from the end of 
adaptation period until the end of the experiment 
Production system including pasture did not 
mean benefits or detriments in live weight as 
compared to more intensive systems. 
Nevertheless, these ADG are lower than those 
reported by other authors [2, 10]. As regards to 
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intake from the different feeding sources, results 
were 15323, 20910 and 16205 kg of DM and 
354 502 and  452 kg of N for T1, T2 and T3 
respectively. Feed conversion rates for each 
group were 9.5, 13.0 and 10.0 for T1, T2 and T3 
respectively. Analyzing the components of this 
DM intake for T1 and T2, very similar pasture 
intakes being 12302 and 14494 kg respectively, 
although T2 had only 6 hours of access to the 
pasture. This means that animals with restricted 
time for grazing intensified it in the access 
period and reached similar intakes. respectively. 
However, N content of total dry matter intake 
(DMI) was  not different, being 2.3, 2.4 and 2.5 
% for T1, T2 and T3. 
SOCIAL BEHAVIOUR 
Daily average number of interactions for the 
three treatments is presented in Table 2. In 
general, positive interactions did not differ 
between treatments (P=0.1496) whereas negative 
interactions (aggressions) resulted higher in T1 
(P<0.0001). The same situation was observed for 
all separated aggressions, except for M which 
did not differ significantly between treatments. H 
was the most frequent aggression in T1. In T2 
and T3 it showed no differences to M frequency. 
Regarding PI, L was the most frequent activity 
within all treatments. The increase of the 
agonistic behaviour as a consequence of a 
reduction in space allowance was previously 
reported by several authors [4, 6, 9], but in the 
present work the space availability for animals 
was sensible higher. 
Table 2 - Average daily interactions of calves 
within each treatment (means ± S.D.) 
 T1 T2 T3 P value 
H 5.8±6.3 b 2.7±2.5 a 1.9±2.3 a <.0001 
P 3.2±5.6 b 1.1±1.8 a  0.0002 
D 2.2±4.0 b 0.9±1.5 a 0.8±1.8 a 0.0038 
M   2.2±2.1 2.7±3.6 2.5±2.6 0.9981 
L   8.7±7.2 7.2±8.4 6.7±6.9 0.1936 
SO  1.3±2.1 1.4±2.2 0.8±1.7 0.3138 
S  3.3±5.1 2.0±3.4 2.0±4.0 0.0937 
PI 13.3±12.2 10.5±11.4 9.5±10.4 0.1496 
NI 13.4±13.6b 7.4±5.4 a 5.9±4.6 a 0.0001 
a b Means with no common superscript differ 
significantly (P<0.05) 
On the other hand, related to the interaction 
between the moment of the day and treatments, 
no significant differences were found for any of 
the observed activity.  
CORTISOL AND BIOCHEMICAL PROFILE 
Average cortisol concentration did not show 
differences between treatments (P=0.7189), and 
means for T1, T2 and T3 were 2.15±1.69, 
2.54±1.54 and 2.05±0.81 ug/dL, respectively. In 
the current study, the surface used in the most 
restricted treatment (T1) was of 13.1 m2 per 
animal, which is a higher space allowance 
compared to the previously cited works and 
mostly considering the references established by 
the European Union –(1,5 to 1.8 m2 per animal) 
[3]. This high space allowance in the confined 
system probably explained those cortisol results, 
suggesting that even in the confined system, 
animals had enough space and consequently they 
were not subjected to a high stress situation. 
Biochemical profile of blood serum is presented 
in Table 3. In most of them, no differences were 
found between treatments and medias values 
were inside the reference ranges except for CK 
and GLU, which levels exceeded them in the 
three treatments.  
Animals in T3 reached the highest concentration 
of BUN. This happen when crude protein in diet 
increases, maintaining energy levels [5]. That 
situation occur in T3 due to a high consume of 
high degradable protein with pasture, but without 
grain for increasing energy. 
CONCLUSIONS 
In general, the three studied treatments resulted 
to be very similar in productive terms, although 
several aspects must be deeply studied. There are 
no evidences of increasing stress or health 
problems in any production system. Confined 
animals increased agonistic behaviour, which 
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Table 3 – Biochemical profile. Serum concentration of Alanine Trasnpherase (ALT), Alkaline Phosphatase 
(ALKP),  Gamma Glutamine Transferase (GGT), Albumine (ALB), Glucose (GLU), Total Protein (TP),  Urea 
(BUN), Total Bilirubine (TBIL), Creatinine Kinase (CK), Calcium (Ca), Phosphates (PHOS),  Globuline 
(GLOB). Mean ± S.E. 
 Units Reference values T1 T2 T3 P-value 
ALT U/L 4-11 93.44 ± 6.31 98.14  ± 7.15 89.75 ± 6.69 P=0.6969 
ALKP U/L 10 – 149 115.60  ± 9.92 a 102.75 ± 11.10 a 67.88  ±  11.10 b P=0.0125 
GGT U/L 0 – 80 15.11 ± 2.86 19.22 ± 2.86 13.43 ±  3.24 P=0.3859 
ALB g/dL 2.5 – 3.6 1.17 ± 0.18 0.89 ± 0.20 0.78  ± 0.23 P=03792 
GLU mg/dL 46.0 – 93.2 127.20 ± 12.79 157.88 ± 14.30 144.38 ± 14.30 P=0.2919 
TP g/dL 5.80 – 8.00 8.01 ± 0.73 7.86 ± 0.81 8.09 ± 0.81 P=0.9802 
BUN mg/dL 7.0 – 17.2 5.60 ± 0.66 b 6.38 ± 0.74 b 11.83 ± 0.86 a P<0.0001 
TBIL mg/dL 0 – 0.73 0.32  ± 0.02 0.36  ± 0.02 0.37  ± 0.02 P=0.1352 
CK U/L 0 – 110 239.00 ± 116.69 355.67  ± 116.69 321.00 ± 132.32 P=0.7723 
Ca mg/dL 7.8 -10.46 11.17  ± 0.64 11.90 ± 1.21 10.90  ±  0.70 P=0.7765 
PHOS mg/dL 4.29 – 7.89 6.96 ± 0.41 6.74 ± 0.41 6.60 ± 0.50 P=0.8511 
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Abstract-The objective of the study was to assess 
cattle behaviour, blood hormones and metabolites 
as stress indicators, influenced by the farm and 
the abattoir activities. Thirty, 12 months old 
castrates were observed for behaviour response at 
the farm feedlot and holding pens/crush; and at 
the abattoir lairage, race. Two sets of blood 
samples were obtained from each animal, both at 
the farm (live animals-from the tail) and the 
abattoir (exsanguination). Glucose, cortisol and 
lactate levels were analysed from the blood 
samples. Results showed that the cattle spent most 
of their time in the feedlot eating and resting. 
Removal from the feedlot to the holding pens 
resulted in agitation and trying to escape, frequent 
urination and loose excreta; which were associated 
with stress. At the abattoir, the cattle spent all the 
time standing until the slaughter time; looking 
around curiously and sniffing on animals in other 
pens (from different farms). Blood hormones and 
metabolites concentration registered at the farm 
did not show differences from that determined at 
the abattoir. It can be concluded that the abattoir 
environment and breed type have a different effect 
on cattle response behaviour compared to the 
farm. However these two environments had no 





Slaughter animals are subjected to at least three 
different environments in their lifetime before 
they are slaughtered and converted to meat. 
These include the farm where they are reared, 
which is characterised by minimal activities; the 
unstable and moving transportation vehicle; and 
the eventful, loud abattoir/slaughter house. It has 
been reported that these conditions could induce 
pre-slaughter stress on animals (1; 2; 3). This 
may be a great challenge as pre-slaughter stress 
is associated with reduced meat quality. 
 Bourguet et al. (4) reported that exercise and 
psychological stress just before slaughter 
increases muscle metabolic activity, which may 
continue after death, resulting in faster post-
mortem pH decline. This can furthermore be 
linked to decreased meat quality (1). Knowledge 
of the response behaviour and physiological 
response of the animal can be used to minimise 
any losses or reduction in productivity that may 
be posed by stress. Moreover; this would result 
to known animal health status (5); ensure good 
animal social status and an effective and 
economical production enterprise (6). 
Slaughter animals were reported to be unaware 
of what would happen to them at slaughter; they 
perceive the pre-slaughter distractions and 
changes as those of the farm during managerial 
procedures like vaccinations and dipping (7). 
This then results to similar behaviours in both 
environments. However; in addition to the 
behaviour response, blood hormones and 
metabolites have been used further as indicators 
of stress determinants. Ferguson and Warner (8) 
reported that disturbance in the environment 
activates the hypothalamic-pituitary-adrenal 
activity due to fear; resulting in the release of 
catecholamines and cortisol (9) which 
furthermore elevates blood lactate and glucose. 
Therefore the objective of this study was to 
assess the relationship between cattle response-
behaviour, blood hormones and metabolites as 
stress indicators influenced by the farm and the 
abattoir activities. 
 
II. MATERIALS AND METHODS 
 
Ethical clearance  
All procedures conducted on animals for the 
purpose of this research were done meeting the 
worldwide ethical principles considerations. 
Consent to carry out the study was approved and 
issued by the University of Fort Hare Ethical 




The data was collected from two study sites, the 
farm and the abattoir situated at around 120 km 
east of Alice Town. These two sites are about 30 
km away from each other and are privately 
owned by the same group of people for business 
purposes.  
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Site one (farm): is situated in Berlin, King 
William’s Town and its geographical 
coordinates are 32˚53’0” South and 27˚35’0” 
East. The average midday temperatures ranges 
between 20˚C (July) to 27˚C (February) with an 
annual rainfall of about 502 mm occurring 
mostly in summer. The vegetation around this 
area is comprised of Acacia Karroo bushes and 
the grasses involve species like Themeda 
triandra, Eragrostis capensis, Heteropogon 
contortus and others in a dense and sour-like 
form. 
Site two (East London abattoir): is situated in 
Cambridge, East London. Its geographical 
coordinated are 32˚58’0” South and 27˚53’0” 
East. Average midday temperatures in East 
London range between 20˚C (July) to 26˚C 
(February) with an annual rainfall of about 593 
mm mostly occurring during the summer months. 
 
The abattoir operates under typical commercial 
conditions and is equipped with modern 
technology to enhance production. It operates 
according to standard laws and regulations 
governing abattoirs such as “The Meat Act, 2000, 
the Animal Protection Act, 1962 and 1935 for 
animal welfare maintenance” to ensure public 
health safety. According to the description report 
on different abattoirs by the RMAA (10), the 
current one is a high throughput abattoir.  
 
Animal Transportation and resting periods 
Animals were transported by truck for an hour 
from the farm to the abattoir and they were 
slaughtered on the same morning they arrived. 
They were allowed to rest at the abattoir holding 
pens (5.3 m × 5.3 m) with 7-9 cattle per pen, and 
had access to water for about 3 hours before 
slaughter. There was minimal animal-human 
interaction as the animals directions were led by 
the narrow crush connecting the holding pens 
and restraining or stunning areas. 
 
Animal Description and Data Collection 
A group of 30 twelve months old castrates were 
randomly picked from the farm herd and were 
used for the current study. These were 7 Angus, 
14 Brahman and 9 Brangus breeds. Ear tagging 
was used to mark and identify. 
The cattle were observed for response behaviour 
as a group at the farm feedlot and holding 
pens/crush; and at the abattoir lairage and race. 
The technique used was the direct observation of 
spontaneous behaviour with 3 assessors taking 
part. Behaviour assessment looked at the 
comfortability and the emotional state of the 
animals by looking at the animal’s body 
language (11). This determined whether the 
animals were free and happy around each other 
and in the environment as a whole. Factors 
described in Table 1 below were noted; where 
group 1 represented positive behaviour and 
group 2 being the negative behaviour. 
 
Table 1 Animals emotional state observation at farm 
Group 1 (positive behaviour) Group 2 (negative behaviour) 
Active, Relaxed, Calm, 
Content, Friendly, Playful, 
Positively occupied, Lively, 
Inquisitive, Happy. 
Fearful, Agitated, Indifferent, 
Frustrated, Bored, Irritable, 
Uneasy, Apathetic, Distress. 
Modified from Mounier (11) 
 
Two sets of blood samples were obtained from 
each animal both at the farm and the abattoir for 
glucose, cortisol and lactate analysis (blood 
stress hormones and metabolites). This was done 
to measure the effect of both on cattle’s stress 
levels.  
Central circulatory blood was collected from the 
tail/caudal vein once at the farm through the 
palpation of animal’s tail, vein identification, 
then a puncture using a needle connected to the 
vaccutainer tube and its holder.  Blood was 
drawn and sucked into the vaccutainer tube. The 
second set of blood samples were collected 
during the process of exsanguination after the 
stunning processes. The samples were kept in ice 
until separation of serum through centrifuging at 
21oC for 5 min at 3000 rpm. Analysis of the 
samples was done in two laboratories; 
University of Pretoria Pathology lab (cortisol 




The effect of environment and breed on 
behaviour was analysed using PROC FREQ of 
SAS (12) statistical package. The effect of the 
environment and animal characteristics on blood 
hormones and metabolite levels was analysed by 




III. RESULTS AND DISCUSSION 
 
Overall observations on behaviour 
responses 
The cattle in the current study showed 
positive behaviour at the feedlots (Table 1; 
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Figure 1). This is a normal scenario as 
reported by literature that cattle spend 
most of their time feeding and resting at 
the feedlots (13; 14; 15). Moreover; the 
animals were calm and content around one 
another, showing no signs of aggression or 
fighting. However when they were driven 
out of the feedlot to the holding pens/race 
and into the crush, a negative set of 
response behaviour was observed in some 
(Figure 1). This movement can be related 
with the invasion that normally happens 
when the management activities like 
vaccination are conducted at the farm. 
During blood sampling at the holding 
pens/crush, most of the animals (56.7%) 
were observed to show aggression 
(negative behaviour, Figure 1) involving 
attempt to kick, escape and vocalization. 
This set of behaviour was also observed 
when the castrates were moved from the 
lairage through the race to the stunning 
box. This could be attributed with the 
human interference with the animals.  
Broom and Fraser (6) reported that lack of 
control or destructions in the animal’s 
environment may result to strange 
behaviours in response to trying to adjust. 
In addition, frequent urination and release 
of loose faeces were observed. This was 
thought to be related to the adrenalin 
hormone release due to the aggressive 
behaviour.  
 
Figure 1. General Frequencies in behaviour scores at 
the feedlot, holding pen/crush, abattoir lairage and race 
However this was not the case at the 
abattoir lairage. Animals were observed to 
possess more of the positive (63.3%) 
behaviour than the negative one (Table 1); 
they were calm and curious. This was 
contrary to the expected results that 
animals would respond better at the farm 
than the new environment which is the 
abattoir. Moreover; Grandin (5) reported 
that from her on-farm (feedlot) and 
abattoir observations on animal behaviour, 
she discovered that cattle behaved the 
same but went on to say that dangling 
chains and disturbances on their paths 
around abattoir races resulted to fear thus 
refusal to move. This could explain the 
other 36.67% that showed negative 
behaviour at the lairage. In addition, 
Bourguet et al. (4) also reported that 
presence of physical distractions like shiny 
objects, humans, and changes on light 
intensity from light to dark induce a sense 
of anxiety. 
All breeds were calm at the feedlots and 
agitated at the abattoir race(Figure 1). 
Figure 2 shows that all Angus castrates 
(53.8%) possessed positive behaviour 
(calm-) at the farm holding pens and in the 
crush, and at the abattoir lairage; whereas 
the Brahman (82.4%) showed negative 
behaviour (aggression, kicking). This was 
expected because of the Brahman’s 
notorious nature of being disobedient. On 
the other hand, the crosses between the 
two (Brangus) were mostly positive in 
both areas (Pen/Crush-46.2% and Lairage-
31.6%). This could be a result of hybrid 
vigor, which generally allows offspring 
from two different breeds to perform better 
than its parents. Moreover; Lanier et al. 
(16) reported that different types of 
animals may have different physiological 




Figure 2. Frequencies across breeds in behaviour scores 
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Blood analysis results 
The animals’ stress hormones and 
metabolites did not differ with either 
environment or animal characteristics. 
This may have been due to a smaller 
sample of 40 cattle used so far. Moreover; 
it could be related to that cattle perceive 
the transportation and slaughter process 
the same way they see the management 
activities (dipping, vaccination) that 
normally take place at the farm. The 
slaughter animals do not really know that 
they will die (5). Hence there is no 
elevated reaction than normal. It could also 
be linked to the fact that in both situations 
at the farm and abattoir, humans were 
present to influence the animal’s response 
behaviour by moving the animals from one 




It can be concluded that environment and breed 
differences have an effect on cattle response 
behaviour. However; the blood glucose, cortisol 
and lactate do not differ with environmental 
changes. Moreover; more data samples need to 
be obtained around the same matter to give room 
to variations.   
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